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We examined the potential to improve the movement of freight using Truck Platooning 
Lane strategies on limited access highways in the State of Florida. In the First part of this 
research, we investigated the potential benefits from dedicating one lane from existing 
lanes for autonomous trucks only. In this regard, a general framework tool was developed 
to evaluate and compare different measurements (e.g., travel tim and emissions) to better 
assist decision makers to determine the most effective freight transportation strategy. 
Additionally, the travel time, level of service and emissions on Florida Strategic Intermodal 
System (SIS) were systematically analyzed using a VISSIM and MOVES simulation to 
determine if it can be improved. For the scenarios simulated in this investigation, the input 
included different patterns with a variety of peak hour volumes, truck percentages, speeds, 
and number of lanes. Additionally, the various total values of the resultant travel time, 
emissions and level of service for each SIS corridor were determined and calculated using 
a General Linear Model and then tabulated to reveal input patterns. The results showed that 
a truck platooning lane can significantly reduce the travel time and emissions of trucks. In 
the second part, we proposed using a The Analytic Hierarchy Process (AHP) method to 
evaluate the potential benefits of building a new lane for autonomous trucks. The AHP 
method was developed to include all possible measurements that can assist decision makers 
to select the best autonomous truck policy. The results of the AHP model showed that the 
safety criterion was significantly the most influential perspective per experts' opinions. The 
results showed that experts were more concerned about safety and environmental 





Freight movement plays a central role in supporting the economy of the United 
States, in particular, and the whole modern world in general. In the state of Florida, freight 
movement is the most prevalent and fastest growing branch of both the public and private 
transportation divisions. Trucks carry the largest share of freight, since all goods are moved 
by trucks at some point. With the expansion of freight movements beyond a highway 
network’s capacity, more challenges will occur (e.g., congestion, delay, crashes, pollution, 
energy consumption, and road damage) in many regions due to the future potential increase 
in commercial fleet trucks. Thus, there is a growing need to carry out more research, efforts, 
and investigations to advance and enhance the performance of trucks on highway systems 
to sustain the US freight transportation.  
Over the past years, many strategies were proposed to improve the operation of 
truck movements.  For example, truck routes decision was introduced to improve the travel 
time of trucks, however, this policy is suitable in a situation where delay occurs due to non-
recurring congestion. Other potential method that could address the issue of recurring 
congestion is to dedicate lane for trucks only. While the concept of truck only lane has been 
under the spotlight as an alternative policy to improve trucks operation, the concept has not 
been widely implemented. This was because most of pervious truck only lane studies were 
evaluated by converting the potential impacts into monetary value only.  In addition, 
decisions are made based on the initial cost and revenue generation rather than considering 
the overall potential benefits of dedicated lane for trucks.   In this study, we considered two 




In the first method, we investigated the possible benefits from dedicating a lane 
from the existing lanes for autonomous trucks only. Therefore, there is no initial cost 
incurred by building a new lane.  We were particularly interested in determining how and 
where dedicating trucks platooning lane policy could significantly reduce the travel time 
and emissions of trucks without affecting the operation of passenger vehicles.  
we examined the potential to improve the movement of freight using Truck 
Platooning only Lane strategies on limited access highways in the state of Florida. A 
general framework tool is developed to evaluate and compare different measurements (e.g., 
travel time, level of service and emissions) to better assist decision makers to determine 
the most effective freight transportation strategy. Additionally, the travel time, level of 
service and emission on Florida Strategic Intermodal System (SIS) are systematically 
analyzed using a VISSIM and MOVES simulation to determine if it can be improved. For 
the scenarios simulated in this investigation, the input includes different patterns with a 
variety of peak hour volumes, truck percentages, speeds, and number of lanes. 
Additionally, the various total values of the resultant travel time, emissions and level of 
service for each SIS corridor are determined and calculated using a stepwise regression 
Model and then tabulated to reveal input patterns. The recorded time values, level of service 
and emissions are then used on the Geographical Information System (GIS) platform. A 
kernel density analysis tool package of GIS is also deployed to represent spatially the value 
of travel time, emissions and level of service differences (base versus after dedicate lane 
for trucks) by heat maps. The heat maps are then used to visualize the temporal changes of 




the potential autonomous truck lane corridors. The results showed that an ETPL lane can 
significantly reduce the travel time and emissions of trucks.  
In the second method, in situations when dedicating one of the existing lane was 
not able to improve the overall traffic operation, we proposed using a multi criteria method 
to evaluate the potential benefits of building a new truck autonomous lane.  The multi 
criteria method is developed to include all possible measurements that can assist decision 
makers to select the best autonomous truck policy. In addition, it provides a platform 
through which decision makers and stakeholders can work together to reach agreements 
about the preferred policy.  
The Analytic Hierarchy Process (AHP) multi-criteria decision method was utilized 
in this study. The AHP tool was developed to include all possible measurements that can 
assist decision makers to select the best strategy. In addition, the AHP provided a platform 
through which decision makers and stakeholders can work together to reach agreements 
about the preferred policy. By doing so, the AHP resulted in making a decision that is the 
most agreeable and consistent. In this regard, experts performed a pairwise comparison 
between the four criteria to select the most sustainable autonomous truck freight policy; 
these criteria are the economic perspective, safety perspective, environmental perspective, 
and mobility perspective. The results of the AHP model show that the safety criterion was 
significantly the most influential perspective per experts’ opinions. The results show that 
experts were more concerned about benefit such safety and environmental more that 
associated cost of building a new lane. The results of the AHP model showed that truck 




with a speed of 70 mph was the second most preferred policy; consequently, the base 
scenario (no policy was imposed) was the least preferred alternative. Finally, the AHP 
model showed that setting the speed limit of truck platooning to 55 mph instead of 70 mph 
will be the preferred policy according to decision makers opinion. In addition, the main 
contribution of the AHP model developed in this study was to demonstrate a general 
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CHAPTER ONE: INTRODUCTION 
1.1 Overview 
Freight movement plays a central role in supporting the economy of the United States, in 
particular, and the whole modern world in general.  In the state of Florida, freight movement is the 
most prevalent and fastest growing branch of both the public and private transportation divisions.  
According to the Federal Highway Administration (FHWA), nearly $55 million tons of 
international and domestic goods have been distributed and moved between US cities comprising 
over $49.3 billion of dollars in value.  As the economy and population in the US continue to 
increase, the growth rate of freight movement also continues to increase and is expected to become 
a crucial urban transportation challenge (U.S. Department of Transportation, 2010).  
Based on the literature, freight movement is expected to grow 42 percent by 2040.  
Additionally, the volume of internal and external goods, moving to the US, is also expected to rise 
yearly at a rate of 3.4% between 2007 and 2040 (U.S. Department of Transportation, 2010).  The 
domestic and international goods within the US are typically moved by trucks, rails, air, water, 
and others.  The majority of domestic freight tonnage is transported for a distance less than 500 
miles and is dominated by trucks freight.  However, the longer-distance freight is conquered by 
rails or water.  While most of the international goods is shipped to the US by waterborne freight, 
the distribution of international goods between a gateway and land location is carried out by trucks 
providing a door to door service. Trucks carry the largest share of freight of value accounting for 
70% of the total tonnage.  As such, trucks are considered the main mode of share since all goods 




investigations must be focused on advancing and enhancing the performance of trucks on highway 
systems to sustain the US freight transportation. 
 
Figure. 1 : Truck Volumes and Percentage on National Highway System 2002  
Source: U.S. Department of Transportation, Federal Highway Administration, Office of Freight 
Management and Operations, Freight Analysis Framework, version 2.2, 2007. 
 The performance of trucks is typically affected by travel time, speed, and safety.  With the 
expansion of freight movements beyond a highway network’s capacity, more challenges will occur 
(e.g., congestion, delay, crashes, pollution, energy consumption, and road damage) in many 
regions due to the future potential increase in commercial fleet trucks (O’Rourke et al., 2015).  
According to literature, an action needs to be taken to expand the network capacity by 2040.  The 
action is required in order to avoid a recurring congestion that affects approximately 7,400 miles 





Figure. 2 : Truck Volumes and Percentage on National Highway System 2035 
Source: U.S. Department of Transportation, Federal Highway Administration, Office of Freight 
Management and Operations, Freight Analysis Framework, version 2.2, 2007. 
 
According to the TTI mobility report (2015), the congestion caused the urban Americans 
to travel 6.9 billion hours more than the usual time, causing usage of an extra 3.1 billion gallons 
of fuel valued at over $160 billion dollars.  Out of the total extra expenses caused by recurring 
congestion in 2015, trucks were responsible for about 17% ($28 billion) (Schrank et al., 2015). 
Another study conducted on freight industries in the state of Washington performed by the 
Department of Transportation (WSDOT) at the Washington State University (WSU) and the WSU 
Freight Transportation Policy Institute shows that if congestion increases by 20%, an additional 





Figure. 3 : Cost of Congestion on a per Mile, adopted from  (Basis, Amer. Transportation 
Research Institute , 2013) 
The transportation sector is the second largest source of US greenhouse gas emissions. 
Thus, mitigation of greenhouse gas emissions from the transportation sector can help reduce the 
total economic loss due to gas emission from the US industry.  Trucks represent only 5 percent of 
the vehicles on the road but currently account for more than 20 percent of transportation emissions 
per Figure. 4.  Part of this reason is that trucks are typically driven much greater distances than 
cars in the US (Environmental Protection Agency, 2015). The pollution from the transportation 





Figure. 4: US GHG Emissions by Sector  
Source: U.S. EPA (2015). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 to 2014. 
Trucks utilize most of the roadway capacity because of their size and weight.  As a result, 
more congestion, delay, crashes, pollution, energy consumption, and regional road damage occurs 
due to the increase in commercial fleet trucks. Thus, transportation policies should put more 
emphasis on commercial trucks’ sustainability because increasing the efficiency of one truck has 
a much greater impact than increasing the efficiency of a single car (Transportation Research 
Board and National Research Council, 2010).   
Besides the congestion and traffic growth, the trucks industry is affected by restriction 
policies imposed by the Department of Transportation (DOT) in many states. Lane restriction is 
one of trucks restrictions, where trucks are prohibited to travel in one, two, or more lanes. Another 
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a certain speed and weight.  According to the trucking industry, these restrictions result in more 
economic and environmental damage (Castro et al., 2005).   
One potential method that can enhance the operation of trucking industry is to dedicate a 
lane for trucks only. Recently, several studies were conducted to show the effect of separating 
trucks from other passenger vehicles on the highway system by dedicating lanes for trucks only.  
The goal of dedicated truck lanes is to enhance the sustainability of freight movement by reducing 
the crash rate, emissions, and travel time (E. Fekpe, 2007).  Exclusive trucks lanes are suitable in 
areas with a high level of congestion and provide an acceptable level of service which allows trucks 
to travel faster and safer than without these exclusive lanes. Furthermore, fuel efficiency can be 
improved as trucks travel at higher speeds with a fewer number of stops (Chu et al., 2009). 
In recent years, the concept of vehicle platooning was proposed to mitigate the congestion 
and emissions problems on the transportation sector. Lately, CACC truck platooning became an 
option to make freight transportation safer and more efficient. Truck platooning reduces headway 
between trucks, resulting in an increase on the road capacity.   Trucks in platoon drive close enough 
to each other for a resultant reduction in dragging force. Thus, a lower fuel consumption will occur.  
CACC truck platooning technology can help improve safety because the impact of human error 
will be less in autonomous technology. In addition, the fatigue level can be reduced as the first 
driver needs to be fully alert, while the follower drivers in the platoon can rest (Janssen, 2015; 
Malcolm, 2015).  
The goal of this study is to develop a tool that includes all possible measurements that can 
assist decision makers to select the best policies concerning.  This study will be carried out to 




on the literature, no study has been performed to investigate the performance of truck platooning 
on freight operation.  Thus, the aim of this study is to evaluate truck platooning only strategies 
within FDOT Corridors. The overall goal of this study is to develop statewide platooning truck 
lane methodology. 
1.2 Problem Statement  
Trucks’ movements play a central role in supporting the economy of the US. The supply 
chain of product depends on trucks moving goods from manufacturing facilities to distribution 
centers and finally to customers. Thus, it is essential to find the best plans and strategies that can 
improve the efficiency of freight movements.  
While the concept of an exclusive truck lane has been under the spotlight as an alternative 
policy to solve issues of highway congestion, safety, and efficiency in freight movement, the 
concept of an exclusive commercial truck lane has not been implemented. This is due to a lack of 
generally agreed upon criteria for the evaluation of this type of policy. In addition, there is no 
general agreement about how to convert social and environmental impacts into monetary value 
(Naess, 2006).  Finally, most of the previous studies were concentrating on improving the 
operation of passenger vehicles rather than that of commercial trucks.   
A truck-only platooning lane is a promising policy that can enhance the operation of trucks.  
Thus, there is need to find criteria that can be used by transportation agencies to evaluate the 
feasibility of truck-only platooning lane policies. Moreover, there is no state level methodology to 




study to develop a tool that includes all possible measurements that can assist decision-makers to 
select the best commercial truck lane policy.  
Because the trucks industry affects the US economy, decision makers, government 
agencies and stakeholders are accountable for selecting the best transportation plans. 
Transportation plans are the process of selecting the best transportation choice that moves goods 
and people effectively and safely. Hence, contribution between stakeholders and government 
agencies in decision-making simultaneously helps to identify various potential effects and find any 
conflict during the project planning. Thus, the goal of this study is to develop a decision-support 
tool that includes the inputs of several transportation planners. Furthermore, this decision-support 
tool should be able to evaluate the quantitative impacts and qualitative impacts such as 
environmental and social impacts.  
1.3 Research Scope 
This research will propose two methods to evaluate the impacts of policies related to trucks. 
The first proposed method will evaluate policies by converting the impacts to monetary value. The 
second proposed method will evaluate truck policies according to a multi-perspective point of 
view. The latter will enable decision-makers to select the best policy through the analysis of both 
quantitative and qualitative transportation impacts.  
1.3.1 Monetary Value Evaluation Model  
In this model, exclusive commercial truck lanes with truck platooning is considered.  We 




undertaken an empirical examination of truck platooning based models to better understand and 
evaluate the impact of truck platooning on the travel time and emissions on Florida traffic.  We 
are particularly interested in determining when and how truck lane policy can be imposed without 
affecting the operation of passenger vehicles and if there are general trends or roadblocks. The 
goal is to show how and where the exclusive trucks platooning lane policy can reduce the travel 
time of trucks significantly without affecting the travel time of passengers vehicles.  
In addition, this study will evaluate the effects of truck platooning on CO2 emissions on 
the state’s roads. This study will assist researchers in formulating and directing their work to 
address this problem by utilizing one of the existing lanes as a truck platooning lane rather than 
adding new lanes to increase roadway capacity or constructing new roads. 
1.3.2 Multi-Criteria Evaluation Model   
The goal of this section is to develop a decision making tool that includes the inputs of all 
transportation planners. Furthermore, this decision-making tool will enable transportation planners 
to evaluate the quantitative impacts and qualitative impacts such as environmental and social 
impacts.  
In this research, a multi-criteria decision analysis (MCDM) technique will be utilized to 
support decision-makers in selecting which policy is preferred over the alternatives to obtain the 
most sustainable autonomous truck policy. The MCDM techniques allow decision-makers to 
evaluate alternatives by using a weighted scoring process that reflects the importance of each 
criteria. The option that obtains the highest score with respect to selected criteria among other 
options will be considered the best option.  The MDCA can rank alternatives by providing 




In this research, the Analytic Hierarchy Process (AHP) multi-criteria decision method will 
be utilized. The Analytic Hierarchy Process (AHP), introduced by Thomas Saaty (1980), is a 
decisions-making tool which can be used to analyze several policies according to a multi-
perspective point of view. The AHP tool can be developed to include all possible measurements 
that can assist decision makers to select the best strategy. In addition, the AHP provides a platform 
where decision makers and stakeholders can work together to reach agreements about the preferred 
policy. By doing so, the AHP will result in making a decision that is most agreeable and consistent.   
 
1.4 Research Organization 
The research is organized as follows: Chapter Two summarizes the literature on previous truck 
strategies as well as the potential impacts of platooning policy on trucks industry. The last section 
of Chapter Two explains the transportation decision methods.  Chapter Three presents the research 
methodology. In the first section of this chapter, measurement of the performance of the various 
truck lane strategies in terms of monetary method is developed. The goal is to quantify all potential 
impacts (e.g., delays, emissions, safety) and convert them to monetary value. The last section of 
Chapter Three presents the Analytic Hierarchy Process (AHP) method.  Chapter Four presents the 
preliminary results from the microscopic traffic simulation (Micro-TEM) model; travel time 
savings with level of service for each policy also is presented. Chapter Five presents the state level 
model of monetary value of time of implementing autonomous trucks policies on Florida State. 
Chapter Six uses MOVES simulation software to demonstrate the monetary value of emissions 




of using the AHP model to evaluate different trucks’ policies. Finally, the conclusion and 
recommendations of this research are presented.  
 


















➢ Determine Traffic Range date 
➢ Volume of (1000 to 10,000 vhp) 
➢ Speed 20-70 mph 
➢ Truck % 10 to 30 % 
➢ Truck lanes 3 to 5 
➢ Simulation Runs Input Matrix created Via 
JMP Optimal Design  
➢ VISSIM simulation Runs with and without 
Truck Platooning Lane:  
➢ Travel time  
➢ LOS 
➢ Emissions  
➢ Monetize travel time 
➢ Monetize Emissions  
➢ Regression Prediction Model  
  
➢ Applying the prediction model to Florida 
Imitated access highway traffic parameters 
geodatabase  
➢ Visual representation of travel time and 
emissions change after implementing 

























CHAPTER TWO: REVIEW OF LITERATURE 
  This literature review summarizes the most important elements in evaluating transportation 
policies. The first section of this chapter discusses the transportation measures which are used to 
evaluate the performance of transportation options. The second section summarizes truck 
transportation policies and technologies. The third section illustrates how the transportation 
decision-making is carried out.  
2.1 Transportation Performance Measures  
In order to measure the efficiency of transportation improvement, strategies are compared 
according to their travel time, fuel consumption, and impact on safety and emissions.  This section 
contains a review of previous studies that were carried out to evaluate transportation policies 
according to their impacts.   
2.1.1 Travel Time and Cost Of Delay 
The vehicle mile travelled VMT has continued to increase as result of the growth of vehicle 
ownership. Thus, there is always a need to increase roadway capacity. Generally, the increased 
rate of road capacity is less than the increased rate of road demand which results in further traffic 
congestion (S. B. Raheem et al., 2015). In other words, congestion happens on highways when the 
number of vehicles willing to join a specific road exceeds the road capacity. Traffic congestion 
leads to delays which increase vehicle travel times. The travel time has direct and indirect impacts 
on economy, including impacts on air quality and the loss of personal time. The value of travel 




travel time is used by governmental and economic analysts to compare investments in 
transportation planning and management.  
Generally, the travel time and operational cost of vehicles are the key components that are 
used to quantify the benefit cost of a new policy. The US DOT released its first guidance on “The 
Valuation of Travel Time in Economic Analysis” on April 9, 1997. The goal of this guidance was 
to support economic analysts in developing procedures to evaluate the cost of travel time.  
The US DOT (2015) released a report “Measuring the Impacts of Freight Transportation 
Improvements on the Economy and Competitiveness” which presented a review of methodologies, 
procedures, and tools that can be used to examine the impact of freight on economy.  A survey on 
freight industries in the state of Washington was performed by the Washington State Department 
of Transportation (WSDOT), the Washington State University (WSU) and the WSU Freight 
Transportation Policy Institute. The finding of this study was that, if the congestion increased by 
20-percent, more than $14 billion would be added in operating costs in Washington.  
 According to the Texas A&M Transportation Institute’s 2011 Urban Mobility 
Report (UMR), congestion caused urban Americans to travel 4.8 billion hours more and to 
purchase an extra 1.9 billion gallons of fuel for a congestion cost of $101 billion. The UMR report 
presented values of time for automobiles and commercial vehicles; the value of time for an 





Figure. 7: Total Vehicle Miles Traveled  
Source:  National Transportation Statistics,2016 
 
2.1.2 Tailpipe Emissions  
The transportation sector is the second largest source of US greenhouse gas (GHG) 
emissions. In 2000, the transportation sector was responsible for almost 515 million metric tons of 
carbon equivalent which is more than a quarter of total US GHG emissions. Thus, mitigation of 
greenhouse gas emissions from the transportation sector can help reduce the total economic loss 
due to gas emissions from the US. Industry. The US. Transportation sector produces about 498 
million metric tons of carbon, which was about 95% of the total transportation’s GHG emissions 
(Figure 3).  Light-duty vehicles accounted for 61% of GHG emissions while medium to heavy 
duty trucks were responsible for 23% of emissions (Figure 7). Between 1990 and 2014, the US has 




























Figure.8: The Sources of Congestion  by Mode. 2016  
Source: U.S. EPA (2015). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 to 2015. 
Numerous studies have been performed throughout the past 25 years to calculate the 
emission from different modes of transportation. Most of these studies have dealt with each freight 
transport mode differently; they have calculated the emission according to vehicle type, power and 
average speed. Transportation emissions have been calculated using annual average data derived 
from a fact sheet provided by the EPA (2005) to calculate the annual GHG emissions from 
passenger vehicles. There are six steps to determine the annual GHS from a passenger vehicle. In 
the first step, the carbon dioxide (CO2) produced per gallon of gasoline is calculated. In the second 
step, the fuel economy (mpg) is determined according to the vehicle type (passenger vehicle or 
light truck).  Then, the average vehicle miles driven is calculated. The greenhouse gases other than 







The Sources of Congestion 




determined. Finally, calculations of the average annual greenhouse emissions are completed. The 
EPA fact sheet does not take into account the effect of traffic characteristics, road geometry, or 
driving behavior. Thus, there is a need to design a better framework to calculate vehicle-associated 
GHS emissions.  
 
 
Figure.9: US. Transportation GHG Emissions, Source: U.S. EPA, 2012. 
Source: U.S. EPA (2012). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 to 2010. 
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Figure. 10: Share of U.S. Transportation Sector GHH Emissions by Source 
 Source: U.S. EPA (2015). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990 to 2014. 
 
Figure. 11: Inventory of U.S. Greenhouse Gas Emissions and Sinks, 1990-2005 
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Abou-Senna and Radwan (2014) developed a microscopic transportation emissions model (Micro-
TEM) that can be utilized to calculate second by second emissions for each vehicle in a linked 
network. The model takes into account different traffic parameters: volume, truck percentage, 
speed, road grade. Abou-Senna and Radwan (2014) write, “The model integrates a microscopic 
traffic simulation model (VISSIM) with the latest Environmental Protection Agency’s (EPA) 
mobile source emissions model (MOVES) for higher precision and accuracy.” It can be concluded 
that most of the previous studies were carried out to evaluate alternative fuel vehicles technologies 
on reducing CO2 emissions from the automobile industry. Early work concentrated on hybrid, 
electric, natural gas, and biofuel vehicles.  
Irene Michelle (2007) studied “The Effects of Driving Style on the Fuel Consumption.” 
The results of her study showed that fuel consumption is related to driving style. Energy and 
Environmental Analysis, INC (2001) reports illustrated that fuel consumption in relation to the 
driving style is more obvious at high speeds. Franke and Krems (2013) studied the impact of the 
human factor on how an electric vehicle is used. Jonathan Stichter (2012) pointed out that fuel 
consumption can be reduced by 20% by adopting a professional driving style. Jeffrey Gonder 
(2012) conducted a study on “Analyzing Vehicle Fuel Saving Opportunities through Intelligent 
Driver Feedback.” Results of this study showed that better driving behaviors result in 20% less 
fuel consumption.  
Despite the promising results from alternative fuel vehicle technologies to reduce CO2 
emissions, challenges still exist and need to be addressed in order to obtain a better transportation 
system. One of the challenges is that the human factor/driving style impacts the way the vehicle is 




consumption. Driving style impacts fuel consumption due to the number of stops, as well as 
acceleration and deceleration frequency.   It can be concluded that even with the recent vehicle 
technologies, the goal to reduce CO2 emission is not easy to achieve because of the influence of 
human factors which cannot be predicted and measured easily. Fortunately, new technology is 
emerging known as self-driving vehicles technology; this could resolve the negative impact of 
human factor.  Self-driving cars operate on road differently from the conventional cars.   
2.1.3 Traffic Safety  
Heavy truck accidents accounted for 3,852 deadly crashes in 2015. Sixty-nine percent of 
these crashes were with light-duty vehicles. Blower (1998) studied more than 5,400 car-truck fatal 
crashes from 1994 and 1995. The results showed that the majority of the crashes 
were assigned fault to the cars’ drivers.  The large trucks weigh more than light-duty vehicles 
which can result in trucks rolling the passenger vehicles.  In emergency situations, trucks require 
longer distances to stop after applying brakes compared to passenger vehicles. Studies showed that 
trucks travel at speed of 55 mph take 170 feet to stop after applying the brakes while light-duty 
vehicles travels at the same speed will require 127 feet to stop. It can be concluded that separating 
the heavy trucks from passenger vehicles can reduce the rates of crashes.   
2.1.4 Level of Service 
In order to quantify the traffic operation condition of the studied corridor, the level of 
service (LOS) factor is calculated by evaluating the density ratio and the travel speed for segments 
of the road. Six LOS are designated with letters for a highway lane, with the letter A representing 




of service of a corridor as shown in Figure.11. The density and free flow speed are calculated by 
using the traffic micro-simulation model VISSIM.  
 
 
Figure. 12 : Level Of Service Graph, Source HCM 2010  
2.2 Transportation Policies and Technologies  
In order to improve transportation operation, many strategies measuring environmental 
factors and safety of traffic movements have been introduced. This section contains a review of 
previous studies that were carried out to improve transportation operation.  
2.2.1 Truck Lanes Restrictions  
Over the past years, many strategies were implemented to relieve congestion by increasing 




and routes based policies have been used by many states to improve the operation and safety of 
the limited urban highways (Mwakalonge at el., 2007 & Siuhi 2013). Truck restriction policies are 
achieved by prohibiting trucks from using a particular lane; the restriction can be for all day or a 
time-of-day. Another type of restriction policy is the speed and weight restriction, in which trucks 
are not allowed to exceed a certain speed and weight (Mwakalonge at el., 2007 &  Liu 2007).  
The Florida Department of Transportation (1982) examined the efficiency of truck 
restriction to improve operation and safety on Interstate 95 in Broward County.  Results of the 
study showed no significant change in vehicle and trucks travel time. It was found that truck 
accident rates decreased by 3.3 percent during the hours of restriction (Moses, 2007).  
In 1990, Palm Beach County started restricting trucks from the leftmost two lanes. A 
survey conducted by the Federal Highway Administration sought to identify the motivation for 
some states to implement truck lane restriction.  The results of the survey showed states have 
several reasons to impose lane restriction; these reasons were varied from improving operation, 
safety, and pavement wear prevention (Siuhi 2013 & Moses 2007).  
Hoel and Peek (1999) investigated the potential impact of a restricted truck lane in Virginia. 
The results showed that the density and lane change would be reduced if the trucks were restricted 
from the left lane in steep grade situations; the results showed the number of lane changes increased 
if trucks were restricted from the right lane.  Al Eisaeia et al. (2017) simulated several restrictions 
of trucks on VISSIM traffic simulation; the results showed that restricting all heavy vehicles during 
the peak hours is the most efficient policy.   Heavy Vehicle Management: Restriction 36 Strategies. 




2.2.2 Exclusive Truck Lanes 
Recently, many studies were carried out to investigate the feasibility of an exclusive traffic 
lane for trucks. The traffic growth in many states raised the question about the feasibility of an 
exclusive truck lane.  In 1986, Mason et al., developed tools to investigate the benefits of an 
exclusive truck lane for the Texas Department of Highway and Public Transportation. The tool 
was developed to determine the level of service (LOS) of the roadway.  The study compared the 
LOS of the roadway when trucks are mixed with other traffic versus when trucks are separated. 
The results showed that the truck traffic volume was not enough to warrant an exclusive truck lane.  
A study conducted by Janson and Rothi in 1991 examined the economic feasibility of 
constructing a new lane or using one of the existing lanes for the heavy vehicles.  Results showed 
that an exclusive lane might be warranted if the volume of trucks exceeds 30% of the traffic 
volume.  
 Abdelgawad et al., 2011, evaluated the effect of exclusive truck facilities on urban freeway 
performance. The evaluation was carried out with a microscopic traffic simulation model. The goal 
was to simulate two truck ways in the Toronto area.  The first simulation was carried out for a 
truck-only highway; the second simulation looked at using one of the current lanes for only trucks. 
The first scenario showed that travel time was reduced by a few minutes, and the second scenario 




2.3 Cooperative Vehicle Platooning  
Cruise control was the first system implemented to automatically impact vehicle operation. 
This system allows drivers to choose a desired speed, and the system controls only the vehicle 
speed while the vehicle steering is still controlled by the vehicle’s driver. The system, however, is 
not able to apply breaks automatically to reduce the vehicle’s speed in an emergency situation.     
Adaptive Cruise Control (ACC) was introduced by the automotive industry to improve 
traffic flow efficiency. ACC reduces the delay of vehicles by controlling the speed and the gap 
between the preceding and the following vehicle (Davis, 2004).  An ACC system utilizes radars 
and sensor technology to detect the presence of any object in front of the vehicle. Therefore, the 
vehicle can maintain a safe distance from the leading vehicle.  
L. C. Davis (2004) analyzed the effect of the ACC system on mixed traffic by using car-
following simulations. The results showed that ACC improves the distance traveled for vehicles 
merging from the on-ramp. Treiber and Helbing (2002) stated congestion problem could be solved 
if 20% of vehicles on a German autobahn were equipped with ACC.  
In recent years, a vehicle platooning concept was proposed to mitigate the congestion and 
emissions problems of the transportation sector. Vehicle platooning can be formed by allowing 
vehicles to drive at same speed while maintaining a safe distance (L Zhao, 2013).  Cooperative 
Adaptive Cruise Control, CACC, is the extension of the ACC system application.  CACC systems 
use a communication hardware system to coordinate and share information between vehicles.   
CACC enables vehicles to share information (speed and distance) through wireless 




Talebpour at el., 2016).  CACC increases traffic safety as it reduces the reaction time that drivers 
need in case of an emergency (Grodon, 2015).   
Van Arem et al., 2006, studied the impact of CACC on traffic flow characteristics. Their 
results showed increases in traffic flow for vehicles equipped with CACC as compared to 
conventional vehicles. The highway capacity could increase more than two times the capacity of 
vehicles without the CACC system.    
Liang and Peng (2000) showed that the performance of platooning is affected by the traffic 
density. The benefit of vehicles platooning is noticeable at high traffic densities. The results 
showed an increase in  average speed and  quicker rates of deceleration and acceleration(29) .  
Shladover at el. (2009) stated that CACC can increase the capacity per lane as compared to the 
capacity per lane of vehicles without CACC system (Van Arem, 2006).  
Platooning can reduce fuel consumption for a heavy-duty vehicle. The aerodynamic drag 
force is reduced as the trucks are driven close to each other, which reduces the fuel consumption. 
The adoption of platooning technology by the trucks industry could be smooth since it has well-
defined specification and performance parameters compared to the passenger vehicles’ industry 
(Ploeg et al., 2011).  
In an effort by Alam (2015) to evaluate the fuel consumption for heavy-duty vehicle 
platooning, a savings of3.9-6.5% was shown. Lammert et al. (2014) examined the impact of heavy-
duty vehicle platooning on fuel consumption; savings varied from 5.3-9.7% depending on a 
vehicle’s position relative to other vehicles in the platoon (Lammert et al., 2014).  
Heavy-duty vehicles platooning can increase road capacity, as the vehicles maintain a small 




the traffic stable with higher speed as the deceleration rates will be minimized for heavy-duty 
trucks. Previous studies illustrated the capability of heavy-duty vehicle platooning to improve fuel 
efficiency. However, there is little work done to investigate the platooning effect on traffic 
throughout the highway system (Liang, 2015).  
Deng (2016) presented the first framework to study the impact of heavy-duty vehicle 
platooning on traffic flow. The results examined the effect on traffic flow of two platooning 
policies: constant vehicle spacing (CVS) and constant time gap (CTG).  The results show that the 
CVS system can increase the capacity on less congested traffic while the CTG policy performed 
better on the heavily congested traffic flow. 
 2.4 Decision Making in Transportation   
Trucks movements play a central role in supporting the economy of the US.  The supply 
chain of products depends on trucks moving goods from manufacturing facilities to distribution 
centers and finally to customers.  Thus, it is essential to find the best plans and strategies that can 
improve the efficiency of freight movements.  Traditionally, freight transportation strategies are 
evaluated by comparing the economic cost of alternative policies.  
Cost-benefit analysis (CBA) is a well-known decision tool that enables decision-makers to 
compare the cost and benefits of alternative polices. Another tool is the life cycle assessment 
(LCA) method which was developed to support policymakers in estimating and evaluating the 
environmental impact of a product throughout its life cycle. Recently, a multi-criteria analysis 
approach is getting attention from transportation practitioners to evaluate transportation policies. 




2.4.1 Cost-Benefit Analysis  
Traditionally, transportation policies are evaluated with economic analysis techniques. 
Generally, the evaluation of alternatives is carried out by comparing their economic impacts (cost 
and revenues). Cost-benefit analysis (CBA) is a well-known decision tool that enables decision-
makers to compare the cost and benefits of alternative policies. Generally, the CBA converts the 
project’s measures into monetary valuation (Brent, 1996; Barfod et al., 2011).   
The CBA tool has been used extensively in the European Union to evaluate transportation 
projects (Heather Jones, 2014).  For example, the Dutch national government’s regulations require 
decision-makers to use the CBA tool to evaluate infrastructure plans (Beukers et al., 2012).   
Transportation projects are always associated with high capital cost and operation cost, so CBA is 
mainly used to by public sectors to evaluate the feasibility of a transportation investment (Nijkamp 
et al., 2002).  
In recent decades, there has been awareness to include social and environmental impacts 
beyond the economic impacts (Nash, 1993, Peter 1998).  In the European countries, environmental 
impacts are incorporated in some degree into the CBA framework. There is disagreement, 
however, as to how to convert the environmental impacts to monetary valuation.  Petter Naess 
(2006) argued that cost-benefit analysis is based on ontological assumptions about the 
environmental and social impacts. In a transportation project, investment decisions should be made 
to include direct and indirect impacts. The current CBA practices are not able to capture all effects 
because objective conversion into monetary valuation is challenging.  In addition, CBA is limited 
in how to estimate the cost of effects and how to translate other indirect effects into monetary 




alone; these impacts may influence the welfare system which is not easy to measure with the CBA 
(Nijkamp, 2002).    
Nijkamp argued that environmental impacts should not be calculated for single links since 
the environmental impacts could affect the entire network.   He stated that the evaluation of an 
improvement should take into account the environmental impacts in a single link as well the 
induced impacts on other links.  For example, the expansion of road ways around a city will likely 
increase road capacity and increase GHG emissions. This improvement, however, may attract 
drivers formerly using inner-city roads which may cut the emissions in an area with a high 
population density.  Hence, positive environmental impacts might be obtained because of the 
reduction of environmental costs inside the city.    
Generally, investment decisions in the transportation sector are based on commuters’ 
willingness to pay for service or improvement. CBA, however, is not able to illustrate how much 
commuters are willing to pay to for a specific improvement. Furthermore, the evaluation of non-
quantifiable impacts is not addressed properly in CBA analysis.   In other words, CBA might assign 
inadequate values to the non-quantifiable impacts which may make quantifiable impacts dominate 
decision making (Peter Mackie, 1998). An alternative approach based on multi-criteria analysis is 
preferred to address all impacts based on their importance rather than on market value.   
2.4.2 Economic Input Output - Life Cycle Assessment Model 
EIO analysis is a well-established model which was theorized and developed in the 1970s 
by Wassily Leontief, who received the Nobel Prize for this model (Miller and Blair, 2009). The 
EIO-LCA model expands the environmental impact data with the EIO tables of the nation’s 




Previously, policymakers made their decisions with little knowledge of the environmental 
impact of the product that they were evaluating. Life cycle assessment (LCA) is a well-known 
method that was developed to support policymakers in estimating and evaluating the 
environmental impact of a product throughout its life cycle. LCA provides a clear picture about 
the impact of a system starting from extracting and processing raw materials, producing, 
transporting, and disposing or recycling materials (Finnveden et al., 2009).  
There are two models commonly used for carrying out life-cycle assessment (LCA): 
process-based (P-LCA) and input-output analysis (IO-LCA). P-LCA is used to measure the 
environmental impacts within the manufacturing of a product only. Thus, this method is not 
appropriate because it does not include the impact of the supply chain of a product (Onat et al., 
2014).  The inventory analysis in the P-LCA method requires a wide range of data collection.  
Therefore, more time will be consumed in obtaining and analyzing each process in the inventory 
analysis (Hendrickson, 1998). 
Economic input-output life cycle assessment (EIO-LCA) was introduced to increase the 
capability of the conventional LCA. Lave et al. (1995) suggested adding economic analysis 
methodology in LCA. In addition, the proposed EIO-LCA built more powerful methodology that 
can solve the issue of comparing different materials or processes. In contrast to the conventional 
LCA, the EIO-LCA has the ability to compute direct and indirect environmental consequences.   
Economic input-output life cycle assessment (EIO-LCA) is a model that takes into account 
the economic effects of a product. In other words, this methodology includes the economy on its 




sectors and provides a methodological framework to estimate the goods and services that a product 
is producing in the economy (Finnveden et al., 2009).  
EIO-LCA is designed to trace how the output of an industry is consumed by other industries 
(S. Joshi, 2000). EIO-LCA is an online database tool that was developed at Carnegie Mellon 
University (CMU 2015). It uses data from 485 commodity sectors in the USA. The tool was created 
according to the Wassily Leontief equilibrium model. The EIO-LCA model divides the economy 
into sectors. The model specifies the unit output from all sectors produced by the inputs of one 
sector. In addition, the model demonstrates the environmental consequence on the economy that 
occurs from output change (Hendrickson, 1998).   
Shreya (2010) conducted an EIO-LCA study to compare the environmental impacts of 
diverse modes of transportation. The model was developed by using the Carnegie Mellon on-line 
tool. The model compared the environmental impacts of vehicle and public transportation.  
Previous studies carried out by the automobile industry mainly focus on the manufacturing and 
disposal phase.  
Chester (2009) suggested performing a comprehensive EIO-LCA to quantify the 
environmental impact from the transportation sector. He argued that previous studies were missing 
some important components. He proposed using a broad analysis technique to include the design 
of vehicles, material extraction, manufacturing, operation, maintenance, and end‐of‐life of 
vehicles.  
TBL is a widespread concept that consists of two aspects: economic and social-
environmental. The TBL enables decision-makers to select and develop more effective polices by 




model for the US construction industry.  They argued that conventional LCA results 
might be misleading if supply-chain-related impacts are neglected. They found that the 
sustainability of some sectors are more sensitive to social impacts in comparison to other sectors. 
Therefore, a Triple Bottom Line (TBL)-based LCA model should be developed to build a holistic 
analysis that combines economic and social aspects into LCA analysis.  
Ercan (2013) utilized the TBL model to evaluate the impacts of the Intelligent 
Transportation Systems (ITS) on increasing the sustainability of the US transportation sector. The 
proposed model was carried out in a holistic way that takes into account both direct and indirect 
environmental and socio-economic impacts of the Intelligent Transportation Systems (ITS). This 
research contradicts previous conclusions about negative impacts associated with ITS. The 
developed TBL for the ITS system showed that the net impacts are positive.   
It can be concluded from the literature that the TBL-LCA approach is suitable to quantify 
the environmental impacts of products or processes. It enables decision makers to make the best 
environmental decision. In addition, it encourages decision-makers to look holistically at 
economic, environmental, and social impacts of products and processes. The aim of this research 
is to illustrate the impact of automation commercial vehicles and their potential benefits and 
challenges by using the Triple Bottom Line – Life Cycle Assessment (TBL-LCA).  
2.4.3 Multi-Criteria Decision Model:  
In this research, multi-criteria decision analysis (MCDM) technique will be utilized to 
support decision-makers in selecting which policy is preferred over the other alternatives to obtain 
the most sustainable autonomous truck policy. The MCDM techniques allow decision-makers to 




criteria. The option that obtains the highest score with respect to selected criteria among other 
options will be considered the best option.  The MDCA can rank alternatives by providing 
monetary or non-monetary evaluation techniques.   
In this research, the Analytic Hierarchy Process (AHP), introduced by Thomas Saaty 
(1979) will be utilized. The AHP is a decisions-making tool which can be used to analyze several 
policies according to a multi-perspective point of view. The AHP enables decision-makers to select 
the best policy by analyzing both quantitative and qualitative elements of alternative policies. The 
AHP consists of a multi-level hierarchy structure; the structure of hierarchy ranks groups of 
alternative options by comparing the importance of their criteria to reach a specific goal. The AHP 
allows decision makers to evaluate alternatives by using a weighted scoring process that reflects 
the importance of each criteria. The option that obtains the highest score with respect to the 
selected criteria among other options will be considered the best option.   
Lai et al (2002) utilized the AHP method to select one of three multi-media authorizing 
systems (MAS). These three MAS systems were ranked by six professional software engineers. 
The AHP process involved survey and interview with the engineers to collect the feedback and the 
rank of the three systems. After the AHP process was completed, a questionnaire was prepared 
and distributed to all six engineers, the goal was to find the opinion of the professional engineers 
about the AHP. The results of the questionnaire indicated a general agreement between participants 
about the powerful of AHP compared to the Delphi technique.  
Labib et al., (2015) proposed a decision a support model to investigate and to learn from 
disaster failure. The model integrates the Analytic Hierarchy process with Fault Tree Analysis 




model can be used by decision making to learn from disaster failure to prevent making the similar 
failure.  
Oddershede et al. (2007) developed an AHP model to determine the best activity that 
supports the development of a rural in Chile capital. The decision-makers were not able to find the 
best sustainable economic practice.  The challenge was to minimize the disagreement between 
community preferences. The AHP gave local leaders a method to arrange factors in a hierarchical 
structure and rank them to find the best alternative policy.  
Gupta et al. (2015) used an AHP model to evaluate the sustainability of several 
manufacturing practices. The goal was to find which electrical firm adopted sustainable 
manufacturing practices.  The hierarchy structure model was performed to compare the proposed 
performance criteria carried out on electrical panel industries. Finally, the AHP ranked the firms 
based on their scores. In addition, the AHP provides guidelines and directions for industries to 
improve their sustainability.  
Berrittella et al. (2009) utilized the analytic hierarchy process (AHP) to evaluate 
transportation policies based on their projected ability to reduce climate change.  The AHP 
methodology was selected to evaluate polices after a disagreement between experts on the severity 
of climate change impacts. The AHP results showed that there is agreement on promoting tax 
schemes for environmentally-friendly modes of transportation, such as carpooling and public 
transportation. 
 Poh et al. (1999) conducted a study to evaluate possible fuel policies in Singapore. Policies 




were evaluated by the AHP model.   Results showed that the use of electric vehicles is the best 
alternative policy.   
Salavati et al. (2016) carried out a comprehensive study to evaluate potential public 
transportation corridors in Isfahan, Iran. Results revealed that mass transit and road space rationing 
have the most impact on achieving the city’s transportation goals.  Nosal et al. (2014) stated that 
the decision to evaluate the integration of urban public transport is not straightforward or easy to 
accomplish. Nosal claimed that a multi-criteria decision tool such as the AHP provides a simple 
approach to select the best option for urban public transport system 
Tudela et al. (2006) used both cost benefit analysis and a multi-criteria method to evaluate 
two transportations policies. The main result of this study is that other aspects apart from the 
economic aspects should be considered. In addition, the results showed that AHP can provide more 
information to help decision-makers select the most beneficial option.  
It should be noted that the AHP was criticized by number of scholars. Zhu et al. (2005) 
stated that any change in the pair-wise comparison weight might lead to a change in the final 
ranking of alternatives. In addition, the AHP does not properly address the impact of tradeoffs. 
Zhu et al. proposed that all critical decisions to be identified first and then a sensitivity analysis to 
be carried out to see if the results are robust or not.  They suggested a robust analysis method that 
can rank alternatives from the best to the worst. Erkut et al. (1991) stated that sensitivity analysis 
should be performed to eliminate alternatives and to make a robust decision. They recommended 
using a graphical method through which one can set different weights of criteria to see how this 





Another issue is when the decision makers are uncertain about how to convert the 
comparison judgments to the right numerical value. Zhang (2011) developed the Fuzzy AHP 
model that can be used by decision makers to express their preference as a numerical value.  
Mosadeghi et al. (2015) indicated that the AHP method can be used if the problem is not complex 
and there is enough information. If the evaluation, however, will be carried out for more complex 










CHAPTER THREE: RESEARCH METHODOLOGY 
 3.1 Overview 
This chapter is our introduction to the two research methodology models that will be 
developed to evaluate strategies concerning autonomous trucks.  In section 3.2, a general 
description of the development of the model will be presented.  In section 3.3, the development of 
a multi-criteria decision support model will be presented.  
3. 2 Monetary Decision Support Model  
In this research, the monetary value will be carried out to demonstrate the impact of that 
truck platooning on travel time and emissions. In addition, this policy reduces the total emissions 
compared to the base scenario. In this research, we investigated the possible benefits from 
dedicating a lane from the existing lanes for autonomous trucks only. Therefore, there is no initial 
cost incurred by building a new lane.  We were particularly interested in determining how and 
where dedicating trucks platooning lane policy could significantly reduce the travel time and 
emissions of trucks without affecting the operation of passenger vehicles.  
we will study the potential to improve the movement of freight using Truck Platooning 
only Lane strategies on limited access highways in the state of Florida. A general decision support 
model will be developed to evaluate different measurements (e.g., travel time and emissions) to 




Additionally, the travel time and emission on Florida Strategic Intermodal System (SIS) are 
systematically analyzed using a VISSIM and MOVES simulation to determine if it can be 
improved.  
 
3.2.1 Design of Experiments (DOE) 
The experimental design approach will be utilized to investigate the relation between an 
experiment’s responses and factors.   Generally, full factorial design is the most accurate model, 
since it runs all possible combinations of factor levels. The full factorial design is carried out to 
identify significant factors and to understand the effect of two or more variables on the response 
variable. However, the number of experimental runs will increase as the number of level factors 
increase.  Thus, other designs such as custom design and screening design are recommended to 
reduce the cost of an experiment. The optimal design requires fewer numbers of runs, as 
parameters can be estimated by a statistical model precisely (Leivisk, 2013 & Seltman, 2015).   
In this study, a custom design approach with D-Optimality criterion was utilized to arrive at an 
optimal design with a reduced number of runs. The optimal design requires fewer numbers of runs, 
as parameters can be estimated by statistical model precisely (Abou-Senna and E. Radwan, 2013).  
Five level factors (volume, speed, truck %, and number of lanes) and one response variable (travel 
time) was selected to represent all possible traffic scenarios on limited access highways. The 
analysis of optimal design resulted in 70 runs. The predictive model is calibrated by considering 




3.2.2 Development of Calibrated Base Scenario Using VISSIM Model 
Due to a lack of sufficient corridors with an exclusive truck lane in the U.S., as well as the 
relative infancy of truck platooning technology, VISSIM simulation will be utilized on a test bed 
to investigate the impacts of truck platooning only lane.  Several traffic scenarios will be simulated 
to represent a variety of traffic inputs (e.g., volumes, truck percentages, speeds, grades, number of 
lanes).    
3.2.2.1 VISSIM Microscopic Simulation  
Generally, microscopic traffic simulations are used to model traffic characteristics, roadway 
network, and driving behavior. Also, traffic simulation can evaluate theoretical and hypothetical 
traffic networks instead of implementing the real world traffic characteristics. In this study, PTV 
VISSIM simulation was utilized. VISSIM provides a second-by-second vehicle records file for 
each vehicle traveling on a road network. Thus, it enables the performance of a precise evaluation 
for each vehicle on the network. VISSIM generates several traffic measurements such as speed, 
density, travel time, and delay. VISSIM controls the driver behavior by using a car-following 
model developed by Wiedemann in 1974 and 1999. Car-following models enable users to mimic 
the behavior of individual vehicles and control the way that one vehicle follows another. 
Furthermore, the driving behavior on VISSIM is stochastic since the psychophysical model of 




3.2.2.2 Test Bed Model  
VISSIM simulation was utilized on a test bed stretch of I-75 corridor to investigate the 
feasibility of exclusive truck platooning lane (ETPL).  The test bed network of I-75 was calibrated 
to the existing conditions.  Interstate75 is considered one of the most important corridors in Florida. 
It provides access to the major cities along the west coast of Florida. In addition, it serves interstate 
movements and augments the state’s economic competitiveness. Additionally, the majority of 
trucks use I-75 as a link between the Miami-Dade shipping hub and the rest of the cities (not on 
the east coast).   
  
3.2.3 Statistical Analysis Using JMP Software 
JMP statistical software will be utilized to generate and analyze the recommended custom 
design results. In this study, JMP is used to make the design of experiments of the study. JMP 
offers a range of classical and modern options for the design of experiment; the custom design 
approach will employed in this study. JMP also will be used to run the statistical analysis, which 
will be carried to analyze the behavior of simulation results and to generate a prediction model.  
Finally, JMP provides predication profiler which provides a visual technique to predict all different 







3.2.4 The Geographical Information System (GIS) Platform 
 
The Geographical Information System (GIS) is a tool which is used to manage, store, edit, 
visualize and perform spatial analysis data. Many transportation agencies provide GIS shapefiles 
which contain information about types of roads, traffic volume, crash history, name of roads, and 
location.  GIS spatial analysis is used to show the relationship between traffic data and to display 
the relation in graphic displays. In this study, GIS spatial analysis will be utilized to evaluate and 
understand the behavior of Florida traffic before and after implementing autonomous trucks 
strategies.   
GIS heats maps are used to visualize the temporal changes of a travel time to reveal 
patterns, uncover trends, and extract information for evaluating the potential exclusive truck 
platooning lane.   The heat maps are then used to visualize the temporal changes of the travel time 
and emissions to reveal valuable information for evaluating the potential ETPL corridors. 
 
3.2.5 MOVES Model Development  
 
Generally, the emissions of vehicles are calculated according to the vehicle type, power, 
and average speed. In 2005, EPA provided fact sheet using annual average data to calculate the 
annual GHG emissions from the vehicles. However, the EPA fact sheet does not take into account 
the effect of traffic characteristics, road geometry, or driving behavior. Thus, it is hard to determine 
the effect of different driving behavior on the emissions.  MOVES 2014 estimates emissions by 




and vehicle miles traveled (VMT).  In addition, MOVES takes into account the effect of different 
driving cycle behavior.  
Since MOVES can simulate the effect of different driving cycles, simulating second-by-
second vehicle activity will predict an accurate emission. VISSIM simulation provides trajectories 
files that provide second-by-second vehicle behavior on the network. Thus, the effect of an 
Exclusive Truck Platooning Lane (ETPL) on emissions can be estimated by integrating the results 
of VISSIM simulation into MOVES.  
3. 3 The Analytic Hierarchy Process (AHP)  
In this research, the Analytic Hierarchy Process (AHP), introduced by Thomas Saaty 
(1979), will be utilized. The AHP is a decisions-making tool which can be used to analyze several 
policies according to a multi-perspective point of view. The AHP enables decision-makers to select 
the best policy by analyzing both quantitative and qualitative elements of alternative policies. The 
AHP consists of a multi-level hierarchy structure; the structure of hierarchy ranks groups of 
alternative options by comparing the importance of their criteria to reach a specific goal. The AHP 
allows decision-makers to evaluate alternatives by using a weighted scoring process that reflects 
the importance of each criteria. The option that obtains the highest score with respect to the 
selected criteria among other options will be considered the best option.  
 
The AHP multi criteria method will be used to evaluate the potential benefits of building a 




general agreement about how to convert traffic impacts into monetary value (e.g., platooning 
safety and operation).  In this respect, the AHP model will be developed to include all possible 
measurements that can assist decision makers to select the best autonomous truck policy. 
Moreover, this method can be used to show the tradeoffs between transportation criteria by making 
pairwise comparison between policies and criteria.  In addition, it provides a platform through 
which decision makers and stakeholders can work together to reach agreements about the preferred 
policy.  
 




The first step of AHP methodology is to make a graphical representation which breaks 
down the process into an attribute hierarchy Figure 12. The AHP hierarchy should have at least 
three levels: the overall goal at the topmost level, then criteria and sub criteria at the second or 
third level. The alternatives are placed at the lowermost level of the hierarchy.  
The second step is carried out by collecting the data. Then, pairwise comparisons of the 
criteria and sub criteria are performed according to Saaty’s intensity scale.  
Table 1: The Fundamental Scale Of Pairwise Comparison, Saaty, 1990 
Scale Definition of scale Explanation 
1 Equal importance Two elements contribute equally 
3 Moderate importance One element is more important than the other 
5 Strong importance One element is preferred more strongly than the 
other 
7 Very strong importance An element is strongly dominant 
9 Extreme importance An element is preferred at the highest level of 
confidence 





The third step of the AHP is to obtain pairwise comparisons between all elements.  This 
can be achieved by arranging elements into a square matrix (Saaty, 1980; Berrittella, 2007).  Each 
element of the matrix’s diagonal will be given a value of 1.   In order to compute the importance 
of elements, a square matrix is developed as follows:  
 
 
 a1/a1   a1/a2   a1/a3 .   .   a1/an  
             a2/a1   a2/a2   a2/a3 .    .   a2/an 
A =        a3/a1   a3/a2   a3/a3  .     .   a3/an 
              an/a1   an/a2   an/a3  .     . an/an 
 
Where a1, a2… and an comparison weights are obtained from step 2.  
The next step is to find the vector of priorities. The priorities of elements are carried out with the 
eigenvalue method (Hwang and Yoon, 1981).  The goal here is to reduce the number of pairwise 
comparisons by solving for the principle eigenvalue w of the matrix A, as following:  
AW= λMAX .W 
Where, λMAX    is the largest eigenvalue of A matrix and W is a normalized vector   obtained by 




The final step is to measure the inconsistency of each judgment. The consistency ratio should be 
calculated to ensure the consistency of the decision-making process (Belton and Stewart, 2002). 
The consistency ratio is defined as:  
CR= CI/RI  
Where CI is the consistency index and RI is the random index.  
The CI for a matrix A is calculated as:  
CI= ( λMAX – n)/ (n-1)  
The RI is a consistency index which depends on the number of pair comparisons. Saaty (1980) 
provides a table of random consistency index. See table 2. If CR < 0.1, the level of consistency 
will be acceptable.   
Table 2: Random Consistency Index Values RI  
Size of matrix 1 2 3 4 5 6 7 8 9 10 








CHAPTER FOUR: PRELIMINARY RESULTS  
4.1 Introduction  
To evaluate the potential impacts of truck platooning, a test bed stretch of I-75was selected.  
I-75 is considered one of the most important corridors in Florida. It provides access to the major 
cities along the west coast of Florida. In addition, it serves the movement of interstate goods and 
other transportation movements. Most trucks use I-75 to deliver goods between the Miami-Dade 
shipping hub and the western and northern cities within the state. According to the I-75 sketch 
interstate plan report (2010), the freight movement is projected to increase. The report illustrated 
that truck volume will continue to grow from 14,500 to more than 27,500 per day by 2035. 
Recently, numerous studies have been conducted to examine potential policies to improve this 
critical corridor of Florida. Thus, the goal of this chapter is to examine the potential impacts of 
exclusive truck platooning lane on I-75 traffic flow.   
 
4.2 Methodology  
The evaluation will be carried out by using microscopic traffic simulation model; the goal 
is to simulate three alternative scenarios on I-75.  In this study, we will study the impact of 




average daily traffic (ADDT) for 2016 and 2035 will be utilized.  More details about the corridor 
characteristics and variables will presented in the next section.  
The base scenario was modeled by using micro-simulation model VISSIM to represent and 
evaluate the existing traffic condition. The first alternative scenario utilized the rightmost lane for 
trucks only. The second alternative scenario will be carried out to investigate the impact of adding 
platooning trucks only lane technology.  
In this study, the event based script on VISSIM will utilized to generate trucks platooning. 
The script implemented in this study is written in Visual Basic language, which contains specific 
functions (Add Vehicle at Link Position).   The script will generate platooning of five trucks at an 
average gap of 40 feet, and with speed of 70 mph, while all passenger vehicles travel on the other 
two lanes ascontrolled by VISSIM’s car-following model and lane change models. 
In this study, PTV VISSIM simulation was utilized. VISSIM provides a second-by-second 
vehicle records file for each vehicle traveling on road network. Thus, it enables the performance 
of a precise evaluation for each vehicle on the network. VISSIM generates several traffic 
measurements such as speed, density, travel time, and delay.  
VISSIM controls the driver behavior by using a car-following model developed by Wiedemann 
in 1974 and 1999. Car-following models enable users to mimic the behavior of individual vehicles 
and control the way that one vehicle follows another. Furthermore, the driving behavior on 
VISSIM is stochastic since the psychophysical model of Wiedemann controls the behavior of 





4.3 The Corridor Traffic Inputs   
The test bed network of I-75 was calibrated to the existing conditions. The simulation 
scenarios were varied systematically so that they account for a variety of peak hour volumes, truck 
percentages, speeds, grades, number of lanes along the 10-mile stretch of a limited-access freeway. 
In order to show the impacts of the exclusive truck platooning lane, a busy highway corridor with 
high AADT’s and high truck percentage was selected. The corridor was a 10 miles length with 3-
lanes. The roadway characteristics and variables used in the model are as follows. 
 
Table 3: Roadway Characteristics and Variables for 2016  
Number of Lanes            : 3 lanes. 
Free-flow Speed (Light-Duty Vehicle Lane)       :70 mph. 
Free-flow Speed (Truck Lane)                              :70 mph. 
Annual Average Daily Traffic            : 65,500 vehicles.  
Truck Percentage               :20 percent 





Table 4 : Roadway Characteristics and Variables for 2035  
 
Number of Lanes            : 3 lanes. 
Free-flow Speed (Light-Duty Vehicle Lane)       : 70 mph. 
Free-flow Speed (Truck lane)                               : 70 mph. 
Annual Average Daily Traffic           : 100,500 vehicles.  






Figure 14 : Average Annual Daily Truck Traffic on SIS Highways 2010 and 2040. 
Source: U.S. Department of Transportation, Federal Highway Administration, Office of Freight 






Figure 15: Traffic on the Selected Corridor, from Google Maps.  
 
4.4 Simulation Results   
4.4.1 Base Scenario  
In this model, the corridor was simulated under the existing traffic conditions. The 
simulation was carried out for 3600 seconds; no trucks restriction policy was imposed in this 
scenario. This run was simulated to represent the traffic volume for 2016 and 2035 year.  In order 




how the acceleration and speed change with time. It should be noted that the figures below display 
the results of 2016 traffic inputs only. Figure 15 shows that the average acceleration rate ranged 
from 0.2 to -0.2 m/s2 for light-duty vehicles. A greater range of the acceleration rate was observed 
for trucks as compared to light-duty vehicles as shown in Figure 16; this occurred because trucks 
have less freedom to maneuver as compared to passenger vehicles.  In addition, the average speed 
for vehicles was between 72 mph and 68 mph; a lesser average speed was obtained for trucks 
(Figures 17 and 18).  
 
 



























Figure 17: Base Scenario Average Truck Accelerations  
 
 














































Figure 19: Base Scenario Average Truck Speed  
 
4.4.2 Truck Only Platooning Lane  
Trucks platooning technology was introduced to evaluate the possible improvement of an 
exclusive trucks lane. The platooning consisted of five trucks with an average gap between trucks 
of 40 feet. Simulation results showed that the average speed for trucks was 70 mph, while that of 
light-duty vehicles ranged from 72 mph to 66 mph.  It should be noted that results showed that the 
average speed of trucks that are travelling on the exclusive truck lane is higher than in the base 
scenario. This can be interpreted as the trucks are travelling at the posted speed limit without 
interacting with vehicles or experiencing congestion on other lanes.  Results of the simulation 





















speed remains constant throughout the simulation time.  It should be noted the figures below 
display the results of 2016 traffic inputs only.  
 
Figure 20 : Second Scenario Average Vehicles Acceleration   
 
 





















































Figure 22: Second Scenario Average Vehicles Speed 
 
Figure 23 : Second Scenario Average Trucks Speed 
 







































4.5 Discussion  
In this section, the results of the microscopic traffic simulation are shown in Tables 5 and 6. The 
results show that the travel time of a truck platooning lane policy is less as compared with trucks 
travel time in the 2017 base scenario. Furthermore, results show that the truck travel time 
difference between the two scenarios is more pronounced in 2035. This significance is due to the 
increase in annual average daily traffic volume from 65,500 to 100,500.   Another major finding 
is that the travel time of passenger vehicles was increased only by 0.8% after implementing a 
trucks only platooning lane. Meanwhile, the trucks travel time was reduced by 18% for the 2016 
simulation and 24% for 2035.  
 
Table 5: Scenarios Results for 2016 Traffic Data 
 Base 
Scenario 
Truck Platooning Lane 
Policy 
Saving 
Light-Duty Vehicles Travel Time 
(hrs.) 
453 hours 456.8 hours -3.8 







Table 6: Scenarios Results for 2035 Traffic Data 
 Base 
Scenario 
Truck Platooning Lane 
Policy 
Saving 
Light-Duty Vehicles Travel Time 
(hrs.) 
688 hours 691 hours -3 
Trucks Travel Time (hrs.) 188 hours 143 hours 45 
 
4.6 Monetary Value Impacts  
In this section, the two trucks strategies are further analyzed by assessing the monetary 
value of delay. Fuel consumption, along with safety impacts, will be presented.  
4.6.1 Travel Time Savings Analysis  
In 2016, the travel time savings for the trucks was 20 hours. However, the travel time for 
light-duty vehicles was increased by 3.8 hours. To calculate the total travel time savings, the cost 
of the travel time for the truck platooning lane is subtracted from the base scenario.  
The travel time of the base scenario = 454.4* 17 + 107 *97 = $ 18198 
The travel time of the second scenario = 456.8* 17 + 87 *97 = $ 16204 
Corridor savings yearly = 3 (peak-hours) *($18198-$16204) *365 (days) = $ 2,183,430 
In 2035, the travel time savings for the trucks was 45 hours. However, the travel time for 
light-duty vehicles was increased by 3 hours. To calculate the total travel time savings, the cost 




The travel time of the base scenario = 688* 17 + 188 *97 = $ 29932 
The travel time of the second scenario = 691* 17 + 143 *97 = $ 25618 
Corridor savings yearly = 3 (peak-hours) *($29932-$25618) *365 (days) = $ 4,722,735 
 
4.6.2 Fuel Consumption  
The main objective of this section is to study the effect of an Exclusive Truck Platooning 
Lane on emissions on limited access highways.  MOVES models developed in this section 
represents both the base scenario and the ETPL. The goal here is to find how truck platooning 
would change the emissions rates on the selected corridor.  MOVES models estimate emissions as 
a function of the vehicle operating mode. Thus, it is easy to determine the effect of different driving 
behavior, cruising, and deceleration, as well as average speed. This study considered only running 
exhaust emissions since the goal is to evaluate emission at corridor level only.   
VISSIM microsimulation is used to model traffic condition for various traffic inputs. 
Moreover, VISSIM provides FZP files that contain records of second-by-second vehicle behavior 
during simulation events.  Besides driving behavior, the FZP files provides information about the 
vehicle type, location and number which makes it easy to estimate emissions for different vehicles 
(e. g., trucks, buses and passenger cars).   
 
MOVES project level inputs were defined and calibrated to represent the test bed network 
of I-75. The first step is to define the project level database. The database is used as input into 
MOVES model.  The main inputs of the project level database such as link speed, traffic volume, 





Table 7: MOVES Project Level Inputs 
Location County Alachua County, Florida 
Year, Month, Time 2016, November, 15:00 – 16:00 PM 
Weekday/Weekend Weekday 
Temperature 70 F 
Road Type Restricted Highway 
Fuel Type Gasoline for passenger cars and diesel for trucks 
Traffic Volume 3025 and 5025 vehicles per hour 
Truck Percentage 20 % 
Link Speed 70 miles per hour 
 
To estimate the operating mode distribution for the test bid corridor, vehicle specific power 
(VSP) values are calculated for passenger vehicles, and scaled tractive power (STP) values are 
calculated for heavy-duty vehicles.  Generally, The VSP and STP values are calculated according 





𝑉𝑆𝑃 =  
𝐴𝑉+𝐵𝑉2+ 𝐶𝑉3
𝑀











+ 𝑉𝑎                       ( 2) 
Where M weight (metric tons), A the rolling resistance A (kw-sec/m), B the rotating term 
B (kw-sec2/m2), C the aerodynamic drag (kw-sec3/m3), v the vehicle velocity (m/s), a the 
acceleration (m/s2), and f scaling factor . 
In order to calculate emissions from VISSIM simulations, the (Micro-TEM) software 
developed by Abou-Senna and Radwan in 2014 was utilized to convert vehicle speed to vehicle 
operating modes.  After the (Micro-TEM) converted the FZP file into the operating modes, 
MOVES was utilized to calculate the emissions according to each operating mode cycle. The 
results of simulations results are shown in Figure 23.  
After we calculated the CO2 emissions for each scenario, EPA equations will be used to 
convert the CO2 emissions to gallon of diesel or gasoline. Results of gallons saving is presented 
on Figure 24.  
CO2 emissions from a gallon of gasoline = 8.8 kg/gallon  





Figure 24: Emissions CO2 Yearly (kg)  
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Figure 26: Annual Fuel Consumption Cost for Each Scenario  
4.6.3 Safety Evaluation   
Traffic accidents reports show that the number of crashes involving trucks has increased 50.1% 
from 2011 to 2015 on I-75 along Alachua, Marion and Sumter. In 2015, 501 truck crashes were 
reported with 4 fatalities in I-75 Alachua. Similarly, 595 truck crashes were reported with 4 
fatalities in Marion County. National Highway Traffic Safety Administration (NHTSA) carried 
out a study to investigate crashes involving large trucks and passenger vehicles. The study pointed 
out that the majority of vehicles-trucks crashes were related to the following reasons:   
1. Interruption of the traffic flow 
2. Unfamiliarity with roadway 
3. Inadequate surveillance 
4. Driving too fast for conditions 
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9. False assumption of other road user's actions 
10. Distraction by object or person inside the vehicle. 
It can be concluded that truck only platooning lane can eliminate truck-passenger crashes as 
trucks will travel on a dedicated lane without interacting with passenger vehicles. In addition, truck 
platooning can reduce the fatigue level, so drivers will be more alert because of the safety system 
installed in their vehicle. Finally, the radar system will reduce illegal maneuvers.  
According to “The Economic and Societal Impact of Motor Vehicle Crashes, 201,” the lifetime 
comprehensive cost to society fo each fatality is $9.1 million. Thus, implementing truck platooning 
only lane can save the society yearly $36 million yearly per county studied.  
4.7 Summary 
In this chapter, three monetary impacts were estimated for trucks strategies. The 
monetarized impacts was calculated for 2016 and 2035 traffic volumes. We considered three types 
of impacts in this study: travel time cost, environmental impacts, and social impacts of crashes. 
The results show that truck platooning lane policy can enhance the sustainability of transportation 
movements. The potential annual savings after implementing truck platooning in 2016 was almost 




























CHAPTER FIVE: TRAVEL TIME STATE LEVEL POLICY  
5.1 Overview  
A framework methodology is presented to examine the potential to improve the freight 
movement using Truck Only Platooning Lane  policies on limited access highways in the state of 
Florida.  A general framework tool is developed to evaluate and compare different measurements 
(e.g., travel time and level of service) to better assist decision makers to select the most sustainable 
autonomous trucks policy.  Furthermore, VISSIM simulation was utilized to evaluate the  travel 
time and level of service on the Florida Strategic Intermodal System (SIS) before and after 
implementing truck only platooning lane.  For the simulations carried out in this study, the input 
includes a variety of peak hour volumes, truck percentages, speeds, and number of lanes.  Then, 
for the used input patterns, we  utilized a regression analysis to develop prediction model for travel 
time and level of service.  The prediction models are then used on the Geographical Information 
System (GIS) platform.  GIS is also deployed to spatially represent the value of travel time 
differences (base – Scenarios) by heat maps.  The heat maps are utilized to visualize the temporal 
changes of the travel time and level of service for evaluating the potential ETPL corridors.  We 
are particularly interested in determining when and how truck lane policy can be imposed without 




5.2 State Level Model Development  
5.2.1 The Optimal Design Approach 
The experimental design approach is performed to examine and evaluate the relation 
between the experiment’s responses and factors.   A full factorial experiment is a systematic and 
scientific approach used to understand the interaction between two or more independent variables.  
The full factorial design is the most accurate model because it runs all possible combinations of 
factor levels. However, the number of experimental runs increases as the number of level factors 
increase.  Thus, other designs such as custom design and screening design are recommended to 
reduce the cost of experiment. The optimal design requires a fewer number of runs than the full 
factorial design, as parameters can be estimated by a statistical model precisely ( Leivisk, 2013 & 
Seltman, 2015) (A Mohamed, et al, 2018).  
In this study, a custom design approach with D-Optimality criterion is applied to arrive at 
an optimal design.  JMP (12) statistical software is used to generate the recommended custom 
design. Four level factors (volume, speed, truck %, and number of lanes) and two response variable 
(travel time and Level of service) are chosen to represent all possible traffic scenarios on limited 
access highways. The analysis of optimal design results in 35 runs. However, we increase the 








Table 8 : The Main Factors Inputs 
Volume 1,000-10,000 vehicles per hour 
Speed 20-70 miles per hour 
Truck % 0-30% 
No of Lanes 3,4 and 5 
 
5.2.2 Microscopic Simulations  
Commonly, microscopic traffic simulations are used to model traffic characteristics, roadway 
network, and driving behavior. In addition, traffic simulation can evaluate theoretical and 
hypothetical traffic networks instead of implementing the real-world traffic characteristics. In this 
study, PTV VISSIM simulation was used to investigate the impact of truck only platooning lane. 
VISSIM offers a second-by-second vehicle records file (e.g., FZP file) for each vehicle traveling 
on road network. Thus, it provides valuable information of the behavior (speed, no of stop, delay 
and acceleration) for each vehicle on the network.  
Driver behavior can be controlled by using a car-following model developed by Wiedemann 
in 1974 and 1999. VISSIM Car-following models used Wiedemann model to mimic the behavior 
of individual vehicles and control the way that one vehicle follows another. Also, the driving 
behavior on VISSIM is stochastic since the psychophysical model of Wiedemann control the 
behavior of vehicles (Zhao et al, 2013 & Manjunatha et al, 2013).   
Due to a lack of sufficient corridors with an exclusive truck lane in the US, as well as the 




stretch of I-75 corridor to investigate the impacts of truck platooning only lane (ETPL).  The 
simulation scenarios were varied systematically so that they account for a variety of peak hour 
volumes, truck percentages, speeds, number of lanes along the 10-mile stretch of limited-access 
freeway section. The simulation scenarios were carried out according to the results of a custom 
design model Table 8(A Mohamed, et al, 2018).   
Two types of simulations -- the base scenario and the ETPL scenario -- were carried out in this 
study. The base scenario was used to predict the travel time under the existing traffic conditions 
while the ETPL scenario was carried out to examine the impact of truck platooning lane on the 
travel time. In the base scenario, no truck restriction policy was imposed; vehicles and trucks were 
allowed to travel on all lanes without any restriction.  The car-following and lane change models 
in VISSIM were utilized to simulate the behavior of traffic in the base scenario (A Mohamed, et al, 
2018).   
The event based script on VISSIM was utilized to simulate trucks platooning. Using the 
script, the driving behavior of trucks was controlled at different time steps. The script implemented 
in this study was written in Visual Basic language, which contained specific functions (Add 
Vehicle at Link Position).  In this study, platooning of five trucks was generated with an average 
gap of 40 feet and a speed of 70 mph; meanwhile, all passenger vehicles travelled on adjacent 
lanes as controlled by the car-following model and lane change models.  The simulations were 
carried out for 140 runs (70 runs for the base scenario and 70 runs for the ETPL scenario). The 
evaluation of ETPL consists of two progresses: first, a comparison of the scenarios outputs that 
have the same traffic input and characteristics; second, an examination of how the ETPL scenario 




5.3 Discussion of Results  
Simulations results show that the truck platooning only lane could reduce the travel time for 
commercial trucks significantly as shown in Table 9. In the base scenario, trucks are sharing the 
roads with light-duty vehicles; therefore, trucks’ deceleration rate will increase resulting in a 
reduction on trucks’ average speed. On the other hand, the average speed of trucks that are 
travelling on the truck platooning lane is higher. This can be understood as CACC platooning 
trucks move on the truck platooning lane will be traveled at a higher constant speed and a lesser 
deceleration rate. In case of congestions, vehicles travel in the general lanes will experience more 
delays, but trucks travelling in platooning lane will be travelling at the posted speed limit. The 
results reveal that the truck travel time difference between the two scenarios is more pronounced 
for high truck % and high traffic volume.  Thus, there is a significant potential for travel time 
savings after implementing truck platooning lane at certain volumes, trucks % and truck average 
speed.   
JMP with interactive sliding factors on the predication profiler is presented to provide a 
visual technique to predict all different combinations of parameter levels on the prediction model. 
The prediction profilers shown in Figure 28 shows how travel time of passenger vehicles can be 
predicted at any combination of levels of the dependent variables.  Fig 30 displays the travel time 
for trucks for the base scenario.  Fig 32 demonstrates the travel time of passenger vehicles after 
implementing truck platooning lane scenario. Fig 34 illustrates the change of truck travel time after 





Figure 28 : Prediction Profiles Base Passenger Vehicles Travel Time. 
 
 





Figure 30: Prediction Profiles Base Truck Travel Time. 
 
 






Figure 32 : Prediction Profiles for Scenario Vehicles Travel Time.  
 





Figure 34: Prediction Profiles for Scenario Truck Travel Time. 
 
 





5.4 Sate Level Policy Results  
In this chapter, regression analysis is used to predict the travel time and densities on limited 
access roads in the state of Florida. Traffic simulation input parameters (i.e. volume, speed, truck 
percentage, and number of lanes) were used as explanatory variables to model both passenger 
vehicle and truck travel time and density results of base and truck platooning scenarios. Overall, 
two travel time models for each scenario and two density models for each scenario were calibrated.  
In order to evaluate the impact of truck platooning policy,  the prediction model calculated 
from the regression analysis was utilized to evaluate how travel time and level of service could 
change. FDOT corridor traffic parameters are obtained from several sources such as INRIX, a 
FDOT traffic shapefiles database. INRIX is a company which provides historical and real time 
traffic information. FDOT corridor peak hour volumes were calculated by converting the historical 
Annual Average Daily Traffic (AADT). In addition, number of lanes and truck percentages are 
also found in FDOT database.   
The prediction model estimated from the regression analysis was employed to the GIS tool 
package to predict travel time and level of services on SIS corridors. In this context, the travel time 
prediction results of scenarios were subtracted from base scenarios results. Then, the difference of 
travel time were monetized by the cost of travel time for each vehicle types using TTI monetary 
Value.  
Finally, a spatial representation is presented  as shown in Figure 36 by plotting the cost of 
travel time.  The heat map color bar shown in the legend denotes the annual value of travel time 




of the effects of dedicating one of the existing lane on passenger vehicles, the  Level of Services 
(LOS) of passenger vehicle per lane were plotted to illustrate the difference between base and truck 
platooning lane scenarios as shown in  Figure 37 and 38. 
5.5 Conclusion  
This chapter evaluated the potential impacts from implementing Truck Platooning Only Lane 
policies on limited access highways in the state of Florida. In this chapter, a  decision support 
model was developed to evaluate the economic impacts of truck platooning lane on freight 
movement. In this context,  the travel time costs were used to better evaluate the impact of  
implementing truck platooning  strategy on Florida State corridors.  
 The traffic micro-simulation findings show that truck platooing lane policy may 
significantly reduce the travel time of trucks under certain conditions.  Moreover, state level policy 
analysis shows that truck platooning lane policy has a positive impact on numerous corridors in 
Florida. In addition, GIS heat maps reveals valuable information for evaluating the potential of 



















Vehicles Travel  
time Difference 
per vehicle (sec) 
Trucks Travel  
time Difference 




9155 49.71 49.72 17% 3 47.35 49.76 44 68 
8802 29.83 36.04 26% 4 33.54 34.47 45 72 
8462 24.85 27.96 23% 3 29.21 29.87 33 142 
8456 52.20 54.68 23% 5 52.68 52.70 3 38 
8371 49.71 49.72 24% 3 48.87 51.65 42 62 
8360 42.25 48.47 12% 4 37.53 48.94 259 45 
8323 42.25 48.47 24% 4 31.72 39.97 310 59 
8260 36.04 42.25 20% 5 36.64 36.86 10 55 
8241 36.04 42.25 16% 4 29.12 29.65 22 97 
8138 36.04 42.25 17% 4 29.29 29.32 -1 98 
8057 52.82 74.56 24% 3 33.74 48.56 391 70 
8031 42.25 48.47 28% 3 39.71 48.91 185 67 
7964 29.83 36.04 17% 3 29.24 29.78 25 141 
7947 52.20 54.68 24% 5 32.25 52.74 520 41 
7818 52.82 74.56 14% 5 50.33 56.65 91 34 
7785 52.82 74.56 16% 4 44.17 49.33 97 48 
7528 49.71 49.72 14% 3 31.72 49.66 489 66 
7343 49.71 49.72 28% 4 38.78 52.61 269 47 
7297 24.85 27.96 23% 5 25.18 25.21 16 122 
7296 36.04 42.25 11% 5 39.83 36.92 -82 56 
7054 24.85 27.96 21% 3 24.44 24.88 31 199 
















Vehicles Travel  
time Difference 
per vehicle (sec) 
Trucks Travel  
time Difference 




6902 29.83 36.04 20% 5 30.60 30.85 17 87 
6888 52.82 74.56 17% 5 41.97 57.62 270 40 
6781 24.85 27.96 22% 3 24.44 24.66 12 202 
6751 52.82 74.56 18% 3 43.62 50.51 130 68 
6655 24.85 27.96 24% 3 24.39 24.81 27 200 
6594 36.04 42.25 11% 3 33.87 34.81 33 104 
6576 24.85 27.96 20% 4 24.65 24.60 -2 138 
6504 52.82 74.56 17% 5 58.77 63.84 53 38 
6359 36.04 42.25 26% 5 37.39 37.47 6 76 
6181 24.85 27.96 17% 3 24.59 24.70 -4 203 
5816 24.85 27.96 25% 5 25.29 25.32 5 156 
5773 52.82 74.56 13% 4 47.65 61.64 200 43 
5680 52.82 74.56 25% 4 43.33 63.17 290 49 
5507 29.83 36.04 12% 5 31.20 30.98 -8 99 
5240 52.82 74.56 26% 5 64.44 64.89 2 52 
5218 42.25 48.47 11% 4 43.14 43.35 11 64 
5172 52.82 74.56 21% 4 57.87 57.55 3 55 
4621 24.85 27.96 18% 3 25.12 24.86 -32 199 
4262 29.83 36.04 19% 4 31.11 30.99 -20 143 
4207 29.83 36.04 26% 4 25.31 25.33 14 216 
4058 29.83 36.04 25% 3 30.64 30.43 -9 162 
4038 29.83 36.04 25% 3 30.36 30.45 4 163 
4018 52.82 74.56 12% 4 58.05 57.88 -1 64 
3821 52.20 54.68 19% 5 48.65 53.01 64 79 
3707 52.82 74.56 14% 3 43.98 56.46 219 71 
















Vehicles Travel  
time Difference 
per vehicle (sec) 
Trucks Travel  
time Difference 




3629 52.20 54.68 14% 5 53.05 53.00 -2 78 
3559 52.82 74.56 25% 3 54.94 57.18 22 86 
3437 42.25 48.47 15% 5 48.88 49.71 12 89 
3147 29.83 36.04 14% 5 31.72 31.65 9 166 
3136 42.25 48.47 28% 4 44.22 44.20 7 126 
3054 52.82 74.56 27% 5 57.37 59.21 19 96 
3006 52.82 74.56 18% 4 56.34 64.86 87 82 
3000 29.83 36.04 21% 5 31.68 31.74 7 191 
2977 52.82 74.56 16% 3 62.25 63.05 7 82 
2932 29.83 36.04 15% 3 31.07 30.66 -11 193 
2874 52.20 54.68 22% 3 45.26 52.82 147 107 
2681 36.04 42.25 13% 3 37.69 37.08 -18 152 
2679 52.20 54.68 17% 4 59.01 58.71 7 97 
2674 36.04 42.25 17% 4 38.02 37.88 -3 155 
2536 52.20 54.68 26% 4 52.22 53.06 13 128 
2519 52.20 54.68 18% 3 52.98 52.85 -4 119 
2511 36.04 42.25 13% 4 38.12 37.89 -14 158 
2376 29.83 36.04 23% 5 31.92 31.85 -16 248 
2363 29.83 36.04 23% 4 31.68 31.65 -12 252 
2189 49.71 49.72 20% 5 49.71 49.71 -7 149 

























 CHAPTER SIX: EMISSIONS STATE LEVEL POLICY  
6.1 Introduction  
The main objective of this chapter is to study the impacts of truck platooning only lane 
policy on limited access highways emissions.  The goal is to develop a model to examine how 
exclusive truck lane policy would change the GHG emissions on the Florida highway system.  In 
order to examine the effect of truck platooning on GHG emissions, two scenarios were considered 
in this study. The first scenario carried out calculates the emissions from the current transportation 
policies (no truck policy imposed) on Florida state highways. The second scenario estimates the 
emissions on these highways after implementation of truck platooning only lane. Finally, GIS 
spatial analysis technique is utilized to identify how truck platooning lane would change GHS 
emissions on Florida highway corridors.  
6.2 Background  
Vehicles emissions is correlated to the amount of fuel vehicle consumed. Generally, fuel 
is consumed by a vehicle’s engine to overcome the rolling resistance, mechanical friction, and drag 
forces. For example, vehicles consume more fuel to overcome the rolling resistance in urban roads, 
whereas in highway roads most of the fuel is consumed due to drag forces, forces that resist the 
movement of the vehicles.  The drag force is the function of the frontal area of the vehicle, the 




freight trucks are driven in a highway environment, the drag forces will be the main factor 
influencing fuel dissipation. Thus, the reduction of drag force leads to a significant improvement 
of trucks fuel consumption (Review of Aerodynamic Drag Reduction Devices for Heavy Trucks 
and Buses, National Research Council (NRC), 2011). 
Truck platooning technology enables trucks to drive close to each other which could reduce 
fuel consumption. As trucks drive close to each other, the dragging force between trucks will 
reduce, which will decrease fuel consumption. The adoption of platooning technology by the 
trucks industry could be smooth since it has well-defined specification and performance 
parameters as compared to the passenger vehicles industry (30). In an effort by Alam (2015) to 
evaluate the fuel consumption for heavy-duty vehicle platooning, he showed that a savings from 
3.9-6.5 % can be obtained from platooning (31).  Lammert et al. (2014) examined the impact of 
the heavy-duty vehicle platooning on fuel consumption; the savings varied from 5.3-9.7% 
depending on a vehicle’s position relative to other vehicles in the platoon. Previous studies 
illustrated the capability of heavy-duty vehicle platooning to improve fuel efficiency.  
6.3 Model Development  
This section explains the model development and data used in the analysis, defining the key 
concept in the truck platooning only lane state level emissions prediction model. This section will 
evaluate emissions of the trucks platooning. In this study, platooning of five trucks will be 






6.3.1 Design of Experiments (DOE)  
 
As discussed in the methodology section, the custom design approach was utilized in this 
research to generate the experimental design. The optimal design allows parameters to 
be calculated with minimum variance while the full factorial design requires a greater number of 
runs to calculate the parameters with the same the confidence level obtained by an optimal design. 
Thus, the optimal design reduces the time and the cost of experimentation. 
JMP statistical software was utilized to generate a custom design approach with D-
Optimality design to arrive at an optimal design with a reduced number of runs. The D-Optimality 
design consists of four level factors (Volume, Speed, Truck%, and number of lanes) and one 
response variable (Emissions), which were selected to represent all possible traffic scenarios on 
limited access highways.  The analysis of optimal design resulted in 35 runs. The predictive model 
is calibrated by considering all main effects, two-way and three factor interaction as well as the 
quadratic and cubic interaction effects. However, the number of runs were chosen to be 70 runs to 
increase the confidence level (A Mohamed, et al, 2018).  
 
Table 10: Factors and Levels Ranges 
Volume 1,000-10,000 vehicles per hour 
Speed 20-70 miles per hour 
Truck % 0-30% 





6.3.2 Test Bed Corridor Selection   
As mentioned early in this research, VISSIM simulation was utilized on a test bed stretch 
of I-75 corridor to investigate the impacts of truck platooning only lane policy.   The test bed The 
simulation scenarios were varied systematically so that they account for a variety of peak hour 
volumes, truck percentages, speeds, number of lanes along the 10-mile stretch of this limited-
access freeway. The simulation scenarios were carried out according to the results of the custom 
design model As shown in Table 10. 
Two types of simulations -- the base scenario and the ETPL scenario -- were carried out in 
this study. The base scenario was used to predict the GHS emissions under the existing traffic 
condition while the scenario was carried out to examine the impact of truck platooning lane on the 
fuel consumption and GHS emissions. In the base scenario, no policy was forced; vehicles and 
trucks were allowed to travel on all lanes.  VISSIM’s car-following and lane change models 
utilized to simulate the behavior of traffic in the base scenario.  
In the truck platooning only lane scenario, one lane was dedicated to platooning trucks 
only. Platooning of five trucks were generated with an average gap of 40 feet and  with two a speed 
50 and 70 mph.  Passenger vehicles traveled on adjacent lanes as simulated and controlled by the 
car-following model and lane change models in VISSIM.  While, the event based script on VISSIM 
is utilized to simulate trucks platooning movement in the truck platooning lane only. The script 
event provides an instant option to control the driving behavior of vehicles at different time steps. 
Thus, trucks platooning can be generated at different times of the simulation period by controlling 




The simulations were carried out for 140 runs (70 runs for the base scenario and 70 runs 
for the ETPL scenario). The evaluation of ETPL consists of two progresses: first, compute the 
emissions from the outputs of base scenarios and the outputs of ETPL scenario and second, 
examine how the truck platooning scenario would change fuel consumption and GHS emissions 
as compared to the base scenario. In order to predict the emission on SIS segments in the state of 
Florida, a prediction model calculated from regression analysis was utilized.  
6.3.3 Moves Project Level  
MOVES models were developed in this section to calculate emissions for trucks travels in  
truck only platooning lane. MOVES estimates emissions by taking into account a wide range of 
inputs such as vehicle types, fuel types, weather conditions, and vehicle mile traveled (VMT).  In 
addition, MOVES takes into account the effect of different driving cycle behavior. Thus, it is easy 
to determine the effect of different driving behavior, cruising, and deceleration, as well as average 
speed.  
As MOVES simulates the effect of different driving modes of cycles, there is need to 
simulate the real driving behavior for different traffic and roadway conditions.  VISSIM provides 
FZP files that contains second-by-second vehicle behavior during simulation events.  Thus, it is 
easy to understand and evaluate the operation of vehicles during the simulation period. Besides 
driving behavior, the VISSIM FZP files provide information about the vehicle type, location, and 
number, which make it easy to estimate emissions for different vehicles (e. g., trucks, buses and 
passenger cars).   
MOVES estimates the emissions by calculating the vehicle operating mode as expressed 




mode, MOVES provides an emission rate per unit of time as shown in Table 11. MOVES operating 
modes estimate emissions depending on the time vehicles spend in each operating mode.  MOVES 
also provides emissions rates for heavy-duty vehicles by converting the VSP to another expression 
called Scaled Tractive Power (STP).  
 
Table 11: Operating Modes for Running Emissions  
VSP class  (KW/ton) Speed class (mph) 
1-25 25-50 >50 
>30  Bin 16 Bin 30 Bin 40 
27-30 
24-27 Bin 29 Bin 39 
21-24 Bin 28 Bin 38 
18-21 
15-18 Bin 37 
12-15 Bin 27 
9-12 Bin 15 Bin 25 Bin 35 
6-9 Bin 14 Bin 24 
3-6 Bin 13 Bin 23 Bin 33 
0-3 Bin 12 Bin 22 
<0 Bin 11 Bin 21 
 
 
6.3.4 Moves Project level Inputs  
 
MOVES project level inputs were defined and calibrated to represent the test bed network 
of I-75. The first step is to define the project level database. The database is used as inputs into the 
MOVES model.  The main inputs of the project level database such as link speed, traffic volume, 




Table 12: MOVES Project Database Input 
Location county Alachua County, Florida 
year, month, time 2017, November, 15:00 – 16:00 PM 
Weekday/weekend Weekday 
Temperature 70 F-100 F 
Road type Urban Restricted Highway 
Vehicle types Long haul combination trucks 
Fuel type diesel for trucks 
Traffic volume 1,000 and 10,000 Vehicle per hour 
Truck percentage 0-30 % 







6.3.5 Development of MOVES STP Operating Modes  
 
To estimate the operating mode distribution for the test bid corridor, various ranges of the 
scaled tractive power (STP) for heavy-duty vehicles were calculated.  Generally, the STP values 












+ 𝑉𝑎                       ( 3) 
 
Where M weight (metric tons), A the rolling resistance A (kw-sec/m), B the rotating term 
B (kw-sec2/m2), C the aerodynamic drag (kw-sec3/m3), v the vehicle velocity (m/s), a the 
acceleration (m/s2), and f scaling factor . 
For each model run, the vehicle activity file from VISSIM is used to develop an operating 
mode distribution. A VISSIM FZP file is preprocessed to define the instantaneous speed and 
acceleration of vehicles in the network. Then, scaled tractive power (STP) values are calculated. 





6.4 Base Scenario Emissions Calculations:  
The base scenario was performed to estimate the GHS emissions under the existing traffic 
conditions.  In this scenario, no trucks restriction policy was imposed; vehicles and trucks were 
allowed to travel on all lanes without any restriction.  The car-following and lane change models 
in VISSIM were utilized to simulate the behavior of traffic in the base scenario. The emission was 
calculated by using the prediction model developed Abou-Senna and Radwan (2014). Table 13 
(providing data from a sample of runs) demonstrates the emissions for base scenario.  The rest of 
emissions results are included in Appendix A. 
 
Table 13: Base Senario Emissions  
Volume Truck % Posted speed 
limit 
Volume output Output 
Speed(mph) 
CO2 ( kg) 
9155 17% 51 5460 50 38956 
8802 26% 37 6620 35 64570 
8462 23% 28 4145 25 45926 
8456 23% 40 8416 40 50153 
8371 24% 51 5257 50 47843 
8360 12% 48 7049 40 40063 
8323 24% 46 7416 39 60047 
8260 20% 37 8067 37 50053 
8241 16% 30 6228 29 46986 
8138 17% 30 6142 30 48892 
8057 24% 60 4982 46 38956 
8031 28% 47 5215 40 64570 






Figure 39: Samlpe of Operating Mode for Trucks Travelling on Base senario 
6.5 Truck Platooning Lane Policy Emissions Calculations:  
In order to examine the impact of truck platooning, one of the corridor lanes will be 
dedicated to trucks only. Thus, trucks are able to travel at a higher speed as compared to trucks 
that travel in the base scenario.  The goal is to find out how the platooning and speed of trucks 
affect emissions rates. Trucks were allowed to travel at speeds ranging from 55 and 70 mph while 
passenger vehicles traveled in the adjacent general lanes at the posted speed.    
MOVES library provides emissions rates for trucks and vehicles without taking into 
account the drag force reduction due to platooning. Thus, the STP for trucks was calculated first 
by taking into account the reduction of drag force coefficients from trucks traveling in isolation by 
30 % for following vehicles and 10 % for the lead vehicle (Watts, A., 2015). Finally, the trucks 




main inputs for MOVES project level emissions calculations. Emissions of passenger vehicles 
travelling in the general lanes were calculated by using the prediction model developed by Abou-
Senna and Radwan (2014). Table 14 and 15 (providing data from a sample of runs) demonstrates 
the emissions for base scenario.  The rest of emissions results are included in Appendix A. 
 























9155 17% 51 4502 51 70 30198 
8802 26% 37 4847 34 70 49463 
8462 23% 28 3138 25 70 28975 
8456 23% 40 6459 40 70 53803 
8371 24% 51 3944 50 70 41969 
8360 12% 48 6191 49 70 35668 
8323 24% 46 6525 39 70 36548 
8260 20% 37 6439 37 70 49669 
8241 16% 30 5202 30 70 37877 






Figure 40: Samlpe of Operating Mode Fraction for Trucks on Platooing Lane (70 mph).   













speed (mph)   
Truck 
platooning 
lane  output 




9155 17% 51 4502 51 55 25887 
8802 26% 37 4847 34 55 41485 
8462 23% 28 3138 25 55 24443 
8456 23% 40 6459 40 55 44996 
8371 24% 51 3944 50 55 36060 
8360 12% 48 6191 49 55 31807 
8323 24% 46 6525 39 55 32539 
8260 20% 37 6439 37 55 42343 
8241 16% 30 5202 30 55 33260 






Figure 41:  Samlpe of Operating Mode Fraction for Trucks on Platooing Lane (55 mph).   
 
6.6 Analysis of Results  
6.6.1 Analysis of Base Scenario Emissions   
The analysis of the 70 runs using the  regression reveals significant effects of all main 
effects: volume, speed, trucks percentage, and number of lanes. In addition, the interaction 
between effects was profound as shown in Figure 43.  The results show that truck volume and 
speed have a significant effect on the total emissions.   
JMP interactive sliding factors on the predication profiler is presented to provide a visual 
technique to predict all combinations of parameter levels on the prediction model. The prediction 
profilers shown in Figure 44 shows how emissions of vehicles can be predicted at any combination 

















Figure 42:  CO2 emissions (kg) Prediction profiles for Base Scenario.  
 




6.6.2 Analysis of ETPL Emissions   
The analysis of the 70 runs using the generalized liner model (GLM) reveals significant 
effects of all main effects -- volume, speed, trucks percentage, and number of lanes -- from the 
base scenario. In addition, the two-way factor, three-way factor, and quadratic interactions 
between the effects were significant as shown in the GLM summary report as shown in Figures 44 
and 45. JMP prediction profilers shown in Figures 46 and 47 demonstrate emissions of vehicles 
after implementing ETPL policy. The prediction file displays the effects of a combination of levels 
of the dependent variables on the response variable (CO2) emissions. 
 
 





Figure 45: GLM Summey Effects for ETPL (50 MPH) CO2 Emissions. 
 






Figure 47: CO2 Emissions (Kg) Prediction Profiles for ETPL Emissions 50 mph.  
 
6.7 State level policy  
The prediction model calculated from the generalized regression model was utilized to predict the 
GHS emissions on SIS segments in the state of Florida. In order to demonstrate the implication of 
the estimated model, we applied the developed model to the state corridors. First, SIS corridor 
traffic parameters were obtained from the FDOT traffic shapefiles database. Then, the dataset was 
prepared by merging GLM estimation results to the GIS dataset to predict GHS emissions on SIS 
corridors. Finally, GHS emissions prediction results of the base and ETPL scenarios at each SIS 
corridor section were generated.  In order to evaluate the impact of the truck platooning only lane 
on GHS emissions, GIS ArcMap was utilized to plot emissions spatial heat maps on the selected 
corridors.  The heat map color bar shown in the legend denotes the annual value of GHS emissions 





























6.8 Conclusions  
The results show that trucks consume most of the fuel due to the deceleration and braking 
in the base scenario. This can be attributed to the following:  as roadway operations approach 
capacity, the traffic becomes unstable; stream speed slows to below the posted speed. Thus, trucks 
and vehicles have less freedom to maneuver which creates a shock wave affecting the traffic flow. 
As a result, fuel consumption rates increase as more power is needed to overcome the rolling 
resistance and the increased frequency of acceleration.   
On the other hand, the results reveal a lesser emissions rate in the ETPL scenario as compared to 
the base scenario. This can be interpreted as CACC platooning makes traffic flow in the ETPL 
stable as trucks travel with a higher constant speed and with a less frequent deceleration rate. In 
addition, the trucks are traveling at the posted speed limit without interacting with vehicles or 
experiencing congestion on adjacent lanes. The reduction of emissions is more noticeable at a high 
truck % and high traffic volume.  Furthermore, platooning of trucks decreases the overall 
aerodynamic drag force. Therefore, fuel consumption and emissions will be reduced. The results 
display that trucks have an operating mode (OpModes) distribution with a range of 33 to 35. In 
contrast, the trucks traveling in the base scenario have a great friction of operating modes, ranging 
from 33 to 40, and thus have higher emissions rates see Figure 39.  In conclusion, there is a 
significant reduction on truck emissions by implementing ETPL policy because the breaking, 







CHAPTER SEVEN: THE ANALYTIC HIERARCHY PROCESS AHP MODEL  
7.1 Overview 
Transportation investment decision is the process of evaluating and selecting how well 
each improvement for a project meets the goal of sustainability. In current practice, government 
agencies and stakeholders are responsible for selecting the best transportation investment decision.  
Hence, contribution between stakeholders and government agencies in decision making 
simultaneously helps to identify various potential effects and find any conflict during the project 
planning. Thus, the goal of this chapter is to develop a decision making tool that includes the inputs 
of both private and public sectors. Furthermore, this decision making tool will enable both sectors 
to evaluate the quantitative impacts and qualitative impacts such as environmental and social 
impacts.  
This chapter describes the results and analyses via use of the AHP model to evaluate 
different autonomous truck lane strategies that could improve freight transportation sustainability.  
The AHP tool will be developed to include all possible measurements that can assist decision 
making to select the best transportation strategy. The goal in this study is to use expert judgments 
to compare three alternatives: 
• The base scenario represents the existing traffic condition, in which no truck restriction 
policy was imposed; vehicles and autonomous trucks are allowed to travel in all lanes 




• The second scenario evaluates the impact of adding a new lane for autonomous trucks only. 
In this policy, autonomous trucks travel at a constant speed of 55 mph. 
• The third scenario evaluates the impact of adding a new lane for autonomous trucks only. 
In this policy, autonomous trucks travel at a constant speed of 70 mph. 
The first section of this chapter explains the steps of building the structure of the AHP 
model. The second section begins with identifying the first-level criteria of the AHP model 
(transportation performance measurements)and is followed by defining the second-level criteria 
of the AHP model (capital cost, operating cost, maintenance cost, etc.). In the third section of this 
chapter, the AHP questionnaire and SurveyMonkey tool are developed; the AHP survey is 
developed to assist the experts to indicate their preference on each criterion in each level of the 
AHP structure.  Finally, the analysis and results of the AHP model are summarized in the last 
section of this chapter.  
7.2 AHP Hierarchy Structure  
The first step of the AHP is to define the hierarchy structure. AHP structure will be 
developed to involve all various criteria and sub-criteria that relate to the sustainability of 
transportation. The structure of hierarchy ranks groups of alternative options by comparing the 
importance of criteria to reach specific goal. The criteria and sub-criteria are placed between the 
overall goal and the alternative options.   
In this study, a three-level AHP model is developed.  The first level represents the overall 




transportation performance measurements. In this level, four major criteria are selected based on 
literature and interview with number of experts. The expert will carry out pairwise comparison 
between the four criteria on the first level to select the most sustainable truck freight policy; these 
criteria are the economic perspective, safety perspective, environmental perspective, and mobility 
perspective. The four measure criteria are decomposed into eleven sub-criteria at level three on the 
AHP structure as shown in Figure 51.  Level four contains three policies. The first policy 
investigates and evaluates the impacts of the existing traffic condition.  The second and third 
alternative policies evaluate building new lane for truck platooning only with different posted 
speeds.   
 






7.3 AHP Framework Criteria  
Sustainability refers to the process of evaluating the environmental, economic, and social 
impacts of policies. The main goal of this study is find the best transportation system that supports 
the sustainability of trucks freight movements. In this section, transportation performance 
measures are defined to allow decision-makers to select the most sustainable freight truck system.  
The performance measures selected in this study are the economic perspective, safety perspective, 
environmental perspective, and mobility perspective. These criteria are placed at level two, and 
nine associated sub-criteria are placed at level three.   The criteria and sub-criteria used in the AHP 
model include: 
7.3.1 The Economic Perspective  
The cost criteria of this study takes into account travel time cost, operating cost of vehicles, 
capital cost of building new lane, and maintenance cost.  
• Vehicle operating cost:   The travel time has direct and indirect impacts on economy due 
to the loss of personal time and the cost of delaying delivery of goods. Thus, travel time is 
used by governmental and economic analysts to compare investments in transportation 
planning and management. According to a mobility report (2015), the cost of delay 
associated with congestion is $ 101 for trucks and about $ 17 for other vehicles.   
• Initial and maintenance cost:  This criterion considers the direct costs of building new 




• Good cost and productivity: Trucks are considered the main mode of share because all 
goods are moved by trucks at some point.  Enhancing the performance of trucks on highway 
systems can increase productivity and reduce the cost of delivering goods.  
 
7.3.2 Mobility Perspective  
In order to quantify the traffic operation condition of the transportation policy, the level of 
service (LOS) factor and the travel speed are calculated to evaluate the congestion level.  
 
• The service flow rate: is the maximum number of vehicles that can be served by a facility 
during one peak hour.  
• Delay: is the difference between the actual travel time and the free-flow travel time of 
vehicles on a given facility.   
7.3.3 Safety Perspective  
Road safety is another factor effecting the sustainability of the transportation system. In the 
US, 33,000 people are killed annually in vehicle crashes. The economic cost for vehicles crashes 
was $277 billion in 2010. Despite ongoing improvement of the road infrastructure system, death 
from vehicular crashes remains one of the top causes of death in US. Thus, the goal here is to find 
the safest transportation policy.  
Traffic conflict points: These are locations in which vehicles must cross, merge, or diverge.  





• Truck’s driver fatigue: This occurs after a long period of driving and affects driver decision 
ability. It is reported that more than 30 % of crashes take place due to driver fatigue.  
• Crash severity:  This gives an indication about the severity of crash in accordance with the 
police report. Crash severity divides crashes into three groups: fatal or incapacitating, 
minor to moderate injury, and property-damage only.  
 
7.3.4 Environmental Perspective   
• Air pollution:   The transportation sector is the second largest source of US greenhouse gas 
(GHG) emissions. The US transportation sector produces about 498 million metric tons of 
carbon. Light-duty vehicles account for 61% of GHG emissions while medium to heavy 
duty trucks were responsible for 23% of emissions.  
• Energy consumption: This indictor is used to analyze the impacts of emissions on human 
health, and the global warming.  
7.4 Data Collection  
The AHP questionnaire survey was developed by using the SurveyMonkey engine. The 
AHP survey was sent to 24 experts from academia, industry, and the Florida DOT.   Snowball 
sampling methodology was utilized to find experts. Snowball is a nonprobability sampling 
technique that is used after identifying the initial participant, then participant is asked to identify 
potential subjects ( I Etikan, et al, 2016). Thus, we used snowball sampling, so we can ask experts 




Three expert panels were formed in this study. The first panel consisted of eight experts 
who were identified as decision makers. In this panel, experts made pairwise comparison to criteria 
at level one of the AHP structure. The second panel consisted of eight experts on transportation 
planning and policies. Experts in panel two were asked to indicate their most preferred criterion in 
terms of economy and mobility. The third panel consisted of eight experts on transportation safety 
and environment. Experts were asked to either to agree or disagree to a consent statement before 
taking the survey, as shown in Figure 52. It should be noted that experts will make pairwise 
comparison between criteria and sub criteria only for their panel. On other words, experts from 
safety panel will not make pairwise comparison between criteria and sub-criteria under economy 
and mobility aspects.  
7.4.1 Decision- Making Panel  
The main objective of the first level comparison is to determine how decision making will 
weigh the main four transportation measures for any transportation project. In addition, the 
feedback and the interaction between the experts and the AHP principle investigator prior to survey 
identified conflicts and solved them in an early stage.  
In this panel, ten experts were chosen to carry out pairwise comparison between criteria at 
level 2.   Six experts from FDOT and four experts from transportation industry were selected. Prior 
to the survey, interviews with two experts was conducted to approve the structure of the AHP.  
After the agreement about the AHP structure, six questions were distributed to experts through 
SurveyMonkey website. The questions were designed as multiple choice with ranking scales. The 
expert first choose a preferred criterion, and then set a degree of preference (from 1 to 9).  In this 




Then, we asked experts to make pairwise comparison between the four transportation criteria, as 
shown in figure 55.  
 
 






Figure 53 : Survey Introduction Page  
 
 









7.4.2 Safety and Environmental Panel   
This panel consisted of experts with safety and environmental backgrounds.  Ten Experts 
from academia, decision making, and industry were selected to participate in this panel. Prior to 




shown in Figure 57.   In this panel, experts performed pairwise comparison at level 3 with respect 
to its contribution to criteria at the upper-level (level 2).  
 
 












In this regard, experts made pairwise comparisons among decision sub-criteria (energy 
consumption, air pollutions) and (traffic conflict points, crash severity and truck driver fatigue) to 
obtain their relative importance with respect to safety and environmental criteria at level 2, as 
shown in figure 57. The next step is comparing the three truck alternatives at level 4 with regard 
to each criterion at the upper-level (for example, the degree to which one alternative fulfills the 





Figure 58: Safety and Environmental Pairwise Questions at Level 3  
Figure 58 displays questions 1 to 5, which  discern the more important among decision 
sub-criteria. Figure 59 shows questions 6 to 13, which compare three trucks alternatives with 
regard to safety criterion to obtain sustainable truck policy. Figure 60 shows questions 14 to 19, 











Figure 60 : Safety and Environmental Pairwise Questions 14-19  
7.4.3 Economy and Mobility Panel   
In this panel, we targeted the following transportation practitioners: Florida DOT 




for the economy and the mobility criteria that were chosen from the literature, an interview was 
conducted with two experts. After the validation stage, the survey shown in figure 61 was sent to 
ten experts.  Experts performed pairwise comparison between economic sub-criteria (initial & 
maintenance cost, vehicle operating cost, and goods delivery & productivity cost). This panel was 





Figure 61: Economy and Mobility AHP Structure  
 
Twenty-four questions were developed in this survey. The first six questions will enable 
experts to rank the sub-criteria by using Saaty’s scale; the remaining 18 questions will enable 
experts to select a preferred policy for each sub-criteria (for instance, the preferred policy among 




In questions 1 to 3, we asked experts to select the most important sub-criteria in context of 
economic aspects as shown in figure 62.  Then, we asked experts to indicate their degree of 
preference according to Saaty’s scale.  
 
 





The following 18 questions were prepared to allow experts to select their preferred policies 
for each sub-criteria (for instance, the preferred policy among others that meets the decision 
maker’s requirements with regard to service flow rate).  
 




























7.5 Data Results  
7.5.1 Decision Making Panel Results  
Experts in the decision making panel were asked to evaluate the relative importance of four 
transportation perspectives with respect to the mission statement (sustainable autonomous trucks 
policy). According to the results, the safety perspective (57%) is the most important aspect, 
followed by equally important aspects economy and mobility (15% each). The environmental 
perspective was the least important (13%).    
 
 













The results show a general agreement between experts, who selected the safety as the most 
important criterion. After we calculated the relative importance level for criteria, we measured the 
inconsistency for each expert to ensure the consistency of the decision making process.  According 
to Saaty, inconsistency below 0.1 would be acceptable. However, if the consistency level was more 
than 0.1, we would ask an expert to modify his answers until the inconsistency level goes below 
0.1. Looking at the decision making panel, the consistency level for all experts was below 0.1.  
 
Table 16 : Consistency Check For Expert Panel  
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 Expert 6 
Consistency <0.1  0.08 0.09 0 0.09 0.08 0.06 
 
7.5.2 Safety and Environmental Panel Results   
7.5.2.1 Safety Sub-Criteria Pairwise Comparison Results  
Each expert in this panel was asked to evaluate the relative importance of three safety sub-criteria 
(conflict points, crash severity and truck driver fatigue) and two environmental sub-criteria (energy 
consumption and air pollution). According to the safety criteria evaluation, the traffic conflict 
points (47%) was ranked as the most important aspect, followed by crash severity (34%). Truck 






Figure 68: Safety Pairwise Comaprsion Results  
  
 
The results show that conflict and crash severity have a closely ranked importance level. 
Surprisingly, only two experts selected the truck driver fatigue as more important than the other 
sub-criteria.   In this panel, the overall inconsistency level for safety sub-criteria was more than 
0.1 for four experts as shown in table 17. After discussion with experts, the overall inconsistency 
went below 0.1. It should be noted that experts have different degrees of preferences for 
alternatives in terms of conflict points and crash severity. Some expressed that crash severity is 
















Table 17: Initial Inconsitancey Level for Safety Panel  
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Conflict points 0.18 0.4 0.05 0.06 0.18 
Truck driver fatigue 0.2 0.53 0.07 0.11 0 
Crash severity 0.2 0.28 0.07 0.11 0.15 
 
 
Table 18 :The Corrected Inconstancy Level for Safety Panel  
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Conflict points 0.05 0.05 0.05 0.06 0.09 
Truck driver fatigue 0.05 0.05 0.07 0.06 0 












7.5.2.2 Environmental Sub-Criteria Pairwise Comparison Results  
 
In the pairwise comparison for environmental sub-criteria, air pollution reduction (70%) is 
the most important sub-criterion with respect to environmental perspective while the level of 
importance of energy consumption was 30%. In this panel, the overall inconsistency level for 
safety sub-criteria was more than 0.1 for two experts as shown in table 17. After interview, experts 
agreed to change their degree of preference, so the overall inconsistency become below 0.1.  
 
 



















Table 19: Initial Inconsistency Level Environmental Panel  
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Energy consumption  0.05 0.09 0.03 0.28 0.12 
Air pollutions 0.05 0.07 0.05 0.28 0.05 
 
Table 20: Inconsistency Level Environmental Panel 
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Energy consumption  0.05 0.09 0.03 0.03 0.07 




7.5.3 Economy and Mobility Panel Results   
7.5.3.1 Economy Sub-Criteria Pairwise Comparison Results  
Each expert in this panel was asked first to make pairwise comparison between economy 
sub-criteria with respect to the overall goal. According to the economy results, the initial & 
maintenance cost (40 %) is the most important aspect, followed by goods cost & productivity 




In this panel, the overall inconsistency level for safety sub-criteria was more than 0.1 for two 
experts as shown in table 21. After interview, experts agreed to change their degree of preference, 
so the overall inconsistency become below 0.1.  
 
 




















Table 21: Inconsistency Level Economy Panel 
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Initial & maintenance cost  0.28 0 0 0.08 0.05 
Goods cost and productivity 0.28 0 0 0.05 0.05 
Vehicle operating cost  0.28 0 0 0.05 0.05 
 
Table 22: Corrected Inconsistency Level Economy Panel 
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Initial & maintenance cost  0.28 0 0 0.08 0.05 
Goods cost and productivity 0.28 0 0 0.05 0.05 
Vehicle operating cost  0.28 0 0 0.05 0.05 
 
7.5.3.2 Mobility Sub-Criteria Pairwise Comparison Results  
Each expert in this panel was asked first to make pairwise comparison between mobility 
sub-criteria with respect to the overall goal. According to the mobility panel results, service flow 
scored the highest with respect to overall goal (40 %), followed by trucks delay (38%). Vehicle 




inconsistency level for safety sub-criteria was more than 0.1 for two experts as shown in Table 23. 
After interview, experts agreed to change their degree of preference, so the overall inconsistency 
become below 0.1. 
 
 




















Table 23: Initial Inconsistency Level  
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Vehicle Delay  0.28 0 0 0.08 0.05 
Truck delay  0.28 0 0 0.05 0.05 
Service flow rate 0.28 0 0 0.05 0.05 
 
Table 24 : Corrected Inconsistency Level Mobility Panel 
 Expert 1 Expert 2 Expert 3 Expert 4 Expert 5 
Vehicle Delay 0.28 0 0 0.08 0.05 
Truck delay 0.28 0 0 0.05 0.05 








7.6 Priorities calculation  
In the last stage, transparent choice AHP software was utilized to arrange and calculate 
global priorities for each of the alternatives with respect to the overall goal. In this context, 
transparent choice will calculate the local priorities for criteria and sub-criteria and then synthesize 
the local priorities for all sub-criteria to determine the global priority as shown in Table 25.  
 




1. Economic perspective 15 % 15 % 
1.1. Initial and Maintenance cost 40 % 6 % 
1.2. Goods cost and productivity 32 % 5 % 
1.3. Vehicle operating cost 28 % 4 % 
2. Environmental perspective 12 % 12 % 
2.1. Air pollutions 70 % 9 % 
2.2. Energy consumption 30 % 4 % 
3. Mobility perspective 15 % 15 % 
3.1. Passenger Vehicles delay 22 % 3 % 
3.2. Trucks delay 38 % 6 % 







4. Safety perspective 57 % 57 % 
4.1. Conflicts Points 48 % 27 % 
4.2. Crash Severity Level 34 % 20 % 
4.3. Truck driver Fatigue reduction 18 % 10 % 
 
 
The last stage is to find the relative priority of alternatives with respect to the four 
perspectives and finally to find the global alternatives with respect to the overall goal of the AHP 
model.   The ranking of each policy will be calculated by adding all global weights for alternatives 
as shown in Table 26.    The truck platooning policy with 55 mph, with a global priority of 0.479, 
is the alternative that contributes the most to the goal of selecting the most sustainable autonomous 
truck policy. The truck platooning policy with 70 mph, with a global priority of 0.373, is the second 































40 % 6 % 0.30 0.018 0.36 0.022 0.32 0.019 
Goods cost and 
productivity 
32 % 5 % 0.21 0.01 0.46 0.03 0.31 0.016 
Vehicle 
operating cost 





Air pollutions 70 % 9 % 0.11 0.01 0.45 0.041 0.43 0.039 
Energy 
consumption 






22 % 3 % 0.22 0.006 0.41 0.012 0.37 0.011 
Trucks delay 38 % 6 % 0.13 0.008 0.49 0.029 0.37 0.022 




Conflicts Points 48 % 27 % 0.1 0.027 0.54 0.145 0.36 0.097 
Crash Severity 
Level 


















Local Global Local Global Local Global Local Global 
Truck driver 
fatigue reduction 
18 % 10 % 0.12 0.012 0.48 0.048 0.4 0.04 






7.7 Sensitivity analysis  
In order to check if the results are robust, we conducted a sensitivity analysis. In this 
context, we utilized the Transparent Choice software to run the sensitivity analysis. The sensitivity 
was carried out by changing the weight of criteria to see if the ranking of alternatives would change 
or not.  Transparent choice software provides an interactive graphical interface through which 
criteria weight will change to predict the ranking level of alternatives. The results showed that 
truck platooning with 55 mph remains the most favorable policy (Figures 65, 66,67, and 68). Thus, 
the results of the AHP model is robust.  
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Figure 73 : Envirmontal Perspective Sensitivity Analysis  
 
Figure 74: Mobility Perspective Sensitivity Analysis 
 






































7.8 Conclusion  
An AHP multi-criteria model is proposed in this study to evaluate different autonomous 
truck lane strategies that could improve freight transportation sustainability. The AHP structure 
was developed to include all possible measurements that can assist decision making to select the 
best autonomous trucks strategy. In this study, twenty-four (24) experts were invited to participate 
in the survey. In this regard, experts performed a pairwise comparison between the four criteria to 
select the most sustainable truck freight policy; these criteria are the economic perspective, safety 
perspective, environmental perspective, and mobility perspective. Finally, experts carried out a 
pairwise comparison between the three alternatives. The results of the AHP model showed that 
truck platooning with a speed of 55 mph was the most preferred alternative. truck platooning with 
a speed of 70 mph was the second most preferred policy; consequently, the base scenario was the 
least preferred alternative.  
Looking into the relative importance of criteria, safety criteria was the most influential 
perspective according to experts’ opinions. The results showed that the other three perspectives 
have almost the same weight of importance. Thus, the safety perspective of alternatives was the 
main factor to influence the final decision of the model.  After discussion with some of experts, it 
was concluded that experts believe that truck platooning policy will enhance the overall safety by 
reducing the crash severity level and conflict points. Moreover, they believe that it is safer to 
set the speed limit of truck platooning to 55 mph instead of 70 mph. In this regard, most of the 
experts think that truck platooning with 55 mph will be the safest model. The main contribution of 
the AHP model developed in this study is to demonstrate a general agreement between decision 




should be given to the safety aspects of truck platooning policies makers for adopting a truck 
platooning lane. Results of the AHP model show that more attention should be given to the safety 











CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS 
8.1 Introduction   
This research examined the potential improvement from implementing Exclusive Truck 
Platooning Lane (ETPL) strategies on limited access highways in the state of Florida. A decision 
support model was developed to evaluate the qualitative and quantitative impacts of ETPL on 
freight movement. The dissertation was divided into two major parts; the first part evaluated ETPL 
policies by converting the impacts to monetary value, and the second part evaluated truck policies 
according to a multi-perspective point of view.   
8.2 Monetary Evaluations    
In the first part, a general framework tool was developed to evaluate and compare different 
measurements (e.g., travel time, emissions and safety) to better assist decision makers to determine 
the most effective freight transportation strategy according to monetary value. In this regard, we 
undertook an empirical examination of truck platooning based models to better understand and 
evaluate the impact of truck platooning on the travel time and emissions on Florida traffic.  The 
goal was to show how and where the exclusive trucks platooning lane policy can reduce the travel 
time and emissions of trucks significantly without affecting the travel time of passenger vehicles. 




this problem by utilizing one of the existing lanes as a truck platooning lane rather than adding 
new lanes to increase roadway capacity or constructing new roads. 
8.3 Multi-Criteria Decision Analysis 
In the second part of the research, we developed a decision making tool that included inputs 
from all transportation planners (e.g., decision makers, transportation planners and academia). 
Furthermore, this decision-making tool enabled transportation planners to evaluate the quantitative 
impacts and qualitative impacts such as environmental and social impacts. Thus, a multi-criteria 
decision analysis (MCDM) technique was utilized to support decision-makers in selecting which 
policy is preferred over the alternatives to obtain the most sustainable autonomous truck policy.  
In this research, the Analytic Hierarchy Process (AHP) multi-criteria decision method was 
utilized. The AHP tool was developed to include all possible measurements that can assist decision 
makers to select the best strategy. In addition, the AHP provided a platform through which decision 
makers and stakeholders can work together to reach agreements about the preferred policy. By 







8.4 Research Findings 
This research was divided into two parts. Thus, the major findings of this research will be 
presented and discussed in the following two sub-sections.  
8.4.1 Monetary Evaluations    
• In this study, travel time and densities are systematically analyzed to determine the positive 
and negative impacts of ETPL policy using a general framework tool. The traffic micro-
simulation and the state level application findings show that ETPL policy may significantly 
reduce the travel time of trucks at most corridors without having a significant negative 
impact on passenger vehicle operations.  
• The monetized travel times vary from $4.15 M (favoring truck lane scenarios) to $(2.82) 
M (favoring base scenarios) in Florida SIS corridors. 
• The results reveal a lesser emissions rate in the ETPL scenario as compared to the base 
scenario. This can be interpreted as CACC platooning makes traffic flow in the ETPL 
stable as trucks travel with a higher constant speed and with a less frequent deceleration 
rate.  
• The results show that the operating mode (OpModes) distribution for truck platooning has 
a range of 33 to 35 whereas the trucks traveling in the base scenario have a greater friction 
of operating modes, ranging from 21-29, and thus have higher emissions rates.  In 
conclusion, there is a significant reduction on truck emissions by implementing ETPL 





8.4.2 Multi-Criteria Decision Results  
 
• The goal of this research is to develop a decision making support model that includes the 
inputs of both private and public sectors. This decision making tool allows both sectors to 
evaluate the quantitative impacts and qualitative impacts such as environmental and social 
impacts.  
• An AHP multi-criteria model was developed in this study to evaluate different autonomous 
truck lane strategies that could improve freight transportation sustainability.  
• In this study, twenty-four (24) experts participated in the survey. In this regard, experts 
performed a pairwise comparison between the four criteria to select the most sustainable 
truck freight policy; these criteria are the economic perspective, safety perspective, 
environmental perspective, and mobility perspective. 
• The safety criteria was significantly the most influential perspective according to experts’ 
opinions. Meanwhile,  the other three perspectives have similar weights of importance.  
• The AHP model developed in this study indicated a general agreement between decision 
makers about the safety aspects of a truck platooning lane.  
• The AHP model showed that setting the speed limit of truck platooning to 55 mph instead 





8.5 Summary  
In this research, the monetary value analysis showed that truck platooning with 70 mph is the 
best policy since it reduces vehicles travel time. In addition, this policy reduces the total emissions 
compared to the base scenario. However, it should be noted that this policy has more emissions 
compared to the truck platooning policy with 55 mph. But, it still the preferred policy in terms of 
monetary value evaluation. This can be interpreted as the saving from the travel time is higher than 
the saving from environmental impacts according to the monetary value evaluations.  Thus, this 
Monterey evaluation was not able to address the environmental impacts probably.  
This research showed that dedicating lane for truck platooning can reduce the total travel time, 
however, there are some situation when dedicating lane for truck were not warrant due to several 
reasons (e.g., low truck volume percentage or low roadway capacity). In these situations, if we do 
not dedicate lane for trucks, the operation of truck platooning will be disturbed by passenger 
vehicles traveling in the same lanes (e.g., lane change, frequent stop, and acceleration). Thus, it is 
very important to sustain the truck movement by building lane for autonomous trucks to ensure 
smooth and safe operation of trucks platooning all time. However, the current monetary valuation 
was limited in how to estimate the cost of effects and how to translate other indirect effects into 
monetary value. Furthermore, the evaluation of non-quantifiable impacts is not addressed properly 
in the monetary analysis.    
The AHP multi criteria method was used to evaluate the potential benefits of building a new 
truck autonomous lane.  the AHP model can be used to evaluate policies  When there is no general 




operation).  The AHP breaking the problem into a hierarchy of levels through several levels. Thus, 
it become easy to decision makers to visualize the whole structure rather than looking into 
monetary value. In this respect, the AHP model was developed to include all possible 
measurements that can assist decision makers to select the best autonomous truck policy. 
Moreover, this method can be used to show the tradeoffs between transportation criteria by making 
pairwise comparison between policies and criteria.  In addition, it provides a platform through 
which decision makers and stakeholders can work together to reach agreements about the preferred 
policy. The results of the multi criteria showed that experts were more concerned about benefits 






















Table A-1: Base Senario Emissions  
Volume Truck % Posted speed 
limit 
Volume output Output 
Speed(mph) 
CO2 ( kg) 
9155 17% 51 5460 50 38956 
8802 26% 37 6620 35 64570 
8462 23% 28 4145 25 45926 
8456 23% 52 8416 53 50153 
8371 24% 51 5257 50 47843 
8360 12% 48 7049 40 40063 
8323 24% 46 7416 39 60047 
8260 20% 37 8067 37 50053 
8241 16% 30 6228 29 46986 
8138 17% 30 6142 30 48892 
8057 24% 60 4982 46 48111 
8031 28% 47 5215 40 58693 
7964 17% 30 4652 29 38996 
7947 24% 53 7941 53 52844 
7818 14% 61 7836 57 38129 
7785 16% 59 6763 47 43208 
7528 14% 51 5310 46 35858 
7343 28% 51 6766 50 63605 
7297 23% 24 6229 25 63486 
7296 11% 40 7142 37 39029 
7054 21% 26 4128 24 42199 
7044 24% 28 5434 24 60756 
6902 20% 32 6399 31 53667 
6888 17% 57 6900 58 42312 
6781 22% 28 4170 25 44188 
6751 18% 64 5041 47 39516 
6655 24% 25 4149 24 47176 
6594 11% 40 5195 34 33636 
6576 20% 27 5537 25 53098 
6504 17% 67 6469 64 41223 
6359 26% 38 6253 37 62657 
6181 17% 27 4213 25 37586 
5816 25% 28 4994 25 57198 
5773 13% 62 5756 58 34785 
5680 25% 64 5662 63 51379 
5507 12% 34 5115 31 35770 
5240 26% 61 5193 58 49511 




Volume Truck % Posted speed 
limit 
Volume output Output 
Speed(mph) 
CO2 ( kg) 
5172 21% 57 5116 58 41441 
4621 18% 25 3949 25 35547 
4262 19% 32 3951 31 35787 
4207 26% 28 3897 31 44281 
4058 25% 31 3749 31 40820 
4038 25% 30 3738 31 40989 
4018 12% 59 4001 58 24460 
3821 19% 54 3800 53 29535 
3707 14% 57 3709 58 23467 
3653 16% 32 3432 32 27027 
3629 14% 54 3606 53 23116 
3559 25% 60 3548 58 33526 
3437 15% 47 3432 44 23649 
3147 14% 34 2952 32 21385 
3136 28% 48 3133 44 33396 
3054 27% 56 3038 59 29505 
3006 18% 62 2990 59 21869 
3000 21% 29 2817 32 26210 
2977 16% 63 2957 64 19591 
2932 15% 35 2735 31 21027 
2874 22% 53 2856 53 24425 
2681 13% 45 2688 44 17209 
2679 17% 56 2652 59 18713 
2674 17% 37 2651 38 20402 
2536 26% 52 2525 53 24654 
2519 18% 53 2511 53 18489 
2511 13% 38 2504 38 16946 
2376 23% 33 2257 32 22837 
2363 23% 36 2376 38 22831 
2189 20% 50 2214 50 18008 




























Total  CO2 
(kg)  
9155 17% 51 4502 51 16403 70 13795 30198 
8802 26% 37 4847 34 23932 70 25531 49463 
8462 23% 28 3138 25 14474 70 14501 28975 
8456 23% 52 6459 53 25622 70 28181 53803 
8371 24% 51 3944 50 23062 70 18907 41969 
8360 12% 48 6191 49 23313 70 12355 35668 
8323 24% 46 6525 39 23718 70 12830 36548 
8260 20% 37 6439 37 26226 70 23443 49669 
8241 16% 30 5202 30 23103 70 14774 37877 
8138 17% 30 5073 29 22922 70 15394 38315 
8057 24% 60 3746 48 15800 70 17798 33598 
8031 28% 47 3717 40 16707 70 21571 38278 
7964 17% 30 3843 30 15291 70 11650 26940 
7947 24% 53 6009 53 23260 70 27821 51081 
7818 14% 61 6729 57 26365 70 15941 42306 
7785 16% 59 5661 47 22766 70 15869 38635 
7528 14% 51 4541 50 16539 70 11074 27613 
7343 28% 51 4837 53 21109 70 27778 48887 
7297 23% 24 4737 25 23564 70 21485 45049 
7296 11% 40 6339 37 26029 70 11563 37592 
7054 21% 26 3218 25 14469 70 13104 27573 
7044 24% 28 4081 25 22089 70 19483 41572 
6902 20% 32 5082 31 23808 70 18965 42772 
6888 17% 57 5719 58 22082 70 17006 39089 
6781 22% 28 3204 25 14493 70 13910 28404 
6751 18% 64 4107 50 15651 70 13450 29100 
6655 24% 25 3105 25 14557 70 15034 29591 
6594 11% 40 4607 35 16444 70 8467 24912 
6576 20% 27 4386 25 21868 70 16574 38442 
6504 17% 67 5358 64 21014 70 15998 37013 
6359 26% 38 4576 37 20399 70 24149 44548 
6181 17% 27 3476 24 14518 70 10613 25131 
5816 25% 28 3699 25 18363 70 18648 37011 
5773 13% 62 4980 56 19791 70 11174 30965 
5680 25% 64 4205 63 16685 70 20981 37666 
5507 12% 34 4485 31 21018 70 9072 30090 























Total  CO2 
(kg)  
5218 11% 43 4595 43 19860 70 8453 28313 
5172 21% 57 3994 58 16299 70 16157 32456 
4621 18% 25 3213 25 14485 70 10598 25084 
4262 19% 32 3175 31 14475 70 11174 25649 
4207 26% 28 2843 31 13232 70 15178 28409 
4058 25% 31 2773 30 12938 70 14054 26992 
4038 25% 30 2766 30 12821 70 13997 26818 
4018 12% 59 3501 58 13900 70 7200 21100 
3821 19% 54 3051 53 12280 70 10786 23066 
3707 14% 57 3175 56 12710 70 7690 20400 
3653 16% 32 2871 32 13061 70 8078 21140 
3629 14% 54 3093 53 12479 70 7387 19866 
3559 25% 60 2626 57 10335 70 13277 23612 
3437 15% 47 2894 44 12149 70 7747 19896 
3147 14% 34 2541 32 11727 70 5918 17646 
3136 28% 48 2243 44 9586 70 12816 22402 
3054 27% 56 2194 59 8849 70 12154 21003 
3006 18% 62 2438 59 9580 70 7949 17529 
3000 21% 29 2206 32 10251 70 8798 19049 
2977 16% 63 2473 63 9652 70 6970 16622 
2932 15% 35 2309 31 10669 70 6134 16803 
2874 22% 53 2210 53 9024 70 9302 18327 
2681 13% 45 2322 43 9925 70 5270 15195 
2679 17% 56 2200 59 8816 70 6509 15325 
2674 17% 37 2191 38 9641 70 6624 16265 
2536 26% 52 1853 53 7709 70 9677 17386 
2519 18% 53 2044 53 8349 70 6725 15073 
2511 13% 38 2169 38 9488 70 4824 14312 
2376 23% 33 1727 32 8172 70 7632 15804 
2363 23% 36 1810 38 8048 70 8150 16198 
2189 20% 50 1757 50 7333 70 6581 13914 




























Total  CO2 
(kg)  
9155 17% 51 4502 51 16403 70 9484 25887 
8802 26% 37 4847 34 23932 70 17553 41485 
8462 23% 28 3138 25 14474 70 9969 24443 
8456 23% 52 6459 53 25622 70 19374 44996 
8371 24% 51 3944 50 23062 70 12999 36060 
8360 12% 48 6191 49 23313 70 8494 31807 
8323 24% 46 6525 39 23718 70 8821 32539 
8260 20% 37 6439 37 26226 70 16117 42343 
8241 16% 30 5202 30 23103 70 10157 33260 
8138 17% 30 5073 29 22922 70 10583 33505 
8057 24% 60 3746 48 15800 70 12236 28036 
8031 28% 47 3717 40 16707 70 14830 31537 
7964 17% 30 3843 30 15291 70 8009 23300 
7947 24% 53 6009 53 23260 70 19127 42387 
7818 14% 61 6729 57 26365 70 10959 37324 
7785 16% 59 5661 47 22766 70 10910 33676 
7528 14% 51 4541 50 16539 70 7613 24153 
7343 28% 51 4837 53 21109 70 19097 40206 
7297 23% 24 4737 25 23564 70 14771 38335 
7296 11% 40 6339 37 26029 70 7950 33978 
7054 21% 26 3218 25 14469 70 9009 23478 
7044 24% 28 4081 25 22089 70 13395 35483 
6902 20% 32 5082 31 23808 70 13038 36846 
6888 17% 57 5719 58 22082 70 11692 33774 
6781 22% 28 3204 25 14493 70 9563 24057 
6751 18% 64 4107 50 15651 70 9247 24897 
6655 24% 25 3105 25 14557 70 10336 24893 
6594 11% 40 4607 35 16444 70 5821 22266 
6576 20% 27 4386 25 21868 70 11395 33262 
6504 17% 67 5358 64 21014 70 10999 32013 
6359 26% 38 4576 37 20399 70 16602 37002 
6181 17% 27 3476 24 14518 70 7296 21814 
5816 25% 28 3699 25 18363 70 12821 31184 























Total  CO2 
(kg)  
5680 25% 64 4205 63 16685 70 14424 31109 
5507 12% 34 4485 31 21018 70 6237 27255 
5240 26% 61 3793 59 15460 70 13860 29320 
5218 11% 43 4595 43 19860 70 5811 25671 
5172 21% 57 3994 58 16299 70 11108 27407 
4621 18% 25 3213 25 14485 70 7286 21772 
4262 19% 32 3175 31 14475 70 7682 22157 
4207 26% 28 2843 31 13232 70 10435 23666 
4058 25% 31 2773 30 12938 70 9662 22600 
4038 25% 30 2766 30 12821 70 9623 22444 
4018 12% 59 3501 58 13900 70 4950 18850 
3821 19% 54 3051 53 12280 70 7415 19695 
3707 14% 57 3175 56 12710 70 5287 17997 
3653 16% 32 2871 32 13061 70 5554 18615 
3629 14% 54 3093 53 12479 70 5079 17557 
3559 25% 60 2626 57 10335 70 9128 19463 
3437 15% 47 2894 44 12149 70 5326 17475 
3147 14% 34 2541 32 11727 70 4069 15796 
3136 28% 48 2243 44 9586 70 8811 18397 
3054 27% 56 2194 59 8849 70 8356 17205 
3006 18% 62 2438 59 9580 70 5465 15045 
3000 21% 29 2206 32 10251 70 6049 16300 
2977 16% 63 2473 63 9652 70 4792 14444 
2932 15% 35 2309 31 10669 70 4217 14886 
2874 22% 53 2210 53 9024 70 6395 15420 
2681 13% 45 2322 43 9925 70 3623 13548 
2679 17% 56 2200 59 8816 70 4475 13291 
2674 17% 37 2191 38 9641 70 4554 14195 
2536 26% 52 1853 53 7709 70 6653 14362 
2519 18% 53 2044 53 8349 70 4623 12972 
2511 13% 38 2169 38 9488 70 3317 12805 
2376 23% 33 1727 32 8172 70 5247 13419 
2363 23% 36 1810 38 8048 70 5603 13651 
2189 20% 50 1757 50 7333 70 4524 11858 
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